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1.1 The importance of nutrition for athletes 
High level athletes differ from the general population in being considerably more physi-
cally active and by other lifestyle characteristics including intensive training routines and  
periodisation.1 Hence, adequate intake (AI) of energy and nutrients is of great im-
portance for this population to ensure optimal performance, adaptation and recovery 
during training or competition, and also to minimize health risks.2, 3 To meet these de-
mands, specific recommendations have been formulated for nutritional intake during 
and after training or competition.2 However,  the recommended habitual dietary intake 
can be difficult to reach as part of the athlete’s personal available energy budget.4 A 
large variation is seen in dietary intake by athletes.1 An obvious reason is that sports 
differ with respect to their nutritional demands, in particular when it comes to macro-
nutrients and total energy intake. Additionally, some sport disciplines do not allow, or 
make it difficult for the athlete to always consume the right quantity and type of foods 
at the right time. For example, during competition this could be due to the intensity of 
exercise, or because of the rules applicable to the field of sport.1 Planning dietary intake 
before, during and after exercise can be quite demanding.3  Also physiological limita-
tions such as gastrointestinal (GI) distress can interfere with recommended dietary 
intake related to exercise.5, 6 Last but not least, having a strong winners’ mentality and 
personality in common, top-athletes belong to a small and elite group of individuals 
displaying inter-individual heterogeneity both physically and psychologically. Looking for 
ways to improve their performance, some may be tempted to follow certain food hypes 
or take products that promise benefits. Commercial pressure may play a role as well. 
Suppliers consider top-athletes an interesting target group to promote sales of their 
products and they sometimes sponsor teams or individual athletes. Taken together, 
sports nutrition presents specific challenges for sports dieticians, coaches and not the 
least the athletes themselves. It is therefore also understandable that several athletes 
experience difficulties in meeting the recommendations or their personal goals dietary 
goals. 
A three level pyramid is often used to illustrate the different categories of foods and 
products used by athletes to meet their dietary requirements (Figure 1). The basis for 
this model is that athletes should focus on making proper basal nutrition choices first. If 
needed, sport specific nutrition can be added to their personal diet, for example when 
basic foods are not convenient or not available. The top of the pyramid represents the 
use of dietary supplements. The idea behind this model is to educate athletes about 
making proper choices. 
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Dietary Supplements  
Ergogenic supplements matching 
performance goals and 
micronutrients or essential fatty 
acids when the basic diet is lacking 
these nutrients. 
Sport specific nutrition 
If the basic diet is not 
compensating the need for specific 
macronutrients, athletes are 
advised to add specific sport 
nutrition products to their diet. 
Basal diet  
All athletes are advised to 
consume their diet as 
recommended by the Netherlands 
Nutrition Centre. 
Figure 1. Sports nutrition pyramid (adapted from the Dutch Association of Sports Dietetics, VSN). 
1.2 Current sports nutrition guidelines, on what are they based? 
In view of the specific challenges described above, and the often limited research data 
on the relationship between nutrition and top-level performance, sports nutrition 
guidelines are based on expert opinion and consensus using the best available scientific 
evidence. Hence, these recommendations consist of a mix of practical experience and 
expertise, data from observational studies, physiological knowledge and experimental 
data from laboratory studies and, if available, intervention studies.2, 3, 7 Like the recom-
mended dietary intakes (RDIs) set for the general population, sports nutrition guidelines 
apply to population level. At the same time, it is commonly acknowledged that these 
general recommendations should be fine-tuned in consideration of the individual’s total 
energy requirements, specific training needs, and feedback from training or competing 
performance.8 
Sports nutrition guidelines differ from regular RDIs, which are based on data from 
observational and intervention studies used to estimate nutrient requirements for mi-
cronutrients and to establish recommendations for optimal ranges of macronutrient 
intakes based on randomized clinical trials (RCTs) where possible.9 
As RDIs are intended for the general population, and not for groups or individuals 
with specific conditions  affecting their nutrient requirements,9 sports nutrition guide-
lines can be seen as a valuable addition. These guidelines focus on quantity, structure 
and timing of food intake of single nutrients2 and also include advice for types or cate-
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gories of exercise, i.e. for endurance, team and strength sports.10-12 Sports nutrition 
recommendations are given to ensure that athletes train more effectively, increase 
performance and reduce the risk of injury and illness.  
1.3.1 Sports nutrition recommendations for daily intake 
Maintenance of energy balance is important in people who  are physically active.2 Ath-
letes need to consume enough energy to refuel their body and to maintain an appropri-
ate body weight and body composition.3 The fat requirements of athletes are similar or 
somewhat higher than those recommended for the general population.2 Fat is a neces-
sary component of a healthy diet, providing energy, essential elements of cell mem-
branes and other biochemical processes, and facilitating the absorption of fat soluble 
vitamins. General recommendations focus on the proportion (<10% ) of energy from 
saturated fats and include sources of essential fatty acids (i.e. linoleic acid [C18:2 n-6] 
and α-linoleic acid [C18:3 n-3]) to meet adequate intake recommendations.13 Intake of 
fat by athletes should be in accordance with public health guidelines.14 If athletes 
choose to excessively restrict their fat intake, for example in an effort to lose body-
weight or improve body composition, they should be discouraged from chronic imple-
mentation of fat intakes below 20% of energy intake. A reduction this large has fre-
quently been associated with a lower intake of fat-soluble vitamins and essential fatty 
acids, mainly n-3 fatty acids.  When such a specific dietary restriction is considered nec-
essary , the advice should be to limit this to more or less acute scenarios, for example  
temporarily weight reduction, during carbohydrate-loading or to prevent  gastrointesti-
nal discomfort. In recent years there has been a renewed interest in the use of-  and 
chronic adaptation to low-carbohydrate high-fat, (LCHF) diets. Current evidence  sug-
gests that at moderate intensities an enhanced rate of fat oxidation could equal the 
energy delivered by carbohydrates. However, current evidence also underlines that 
during high-intensity exercise, performance would be impaired when carbohydrate 
intake is low as is the case with LCHF diets. This is mainly due to a down-regulation of 
carbohydrate metabolism even when glycogen is available. Therefore, the main focus of 
this thesis is on carbohydrate and protein intake in relation to sport nutrition recom-
mendations.14  
Regular carbohydrate intake is essential for physically active individuals and should be 
timed according to training sessions to ensure optimal pre-, during, and post-workout 
nutrition.2 Regarding the types of carbohydrates, the intake of products delivering com-
plex carbohydrates with a low-moderate glycaemic index in amounts ranging from  3–12 
g/kg body mass per day is to be preferred.8 Additionally, nutrient-dense sources of car-
bohydrates, i.e. sports nutrition products such as sports drinks and energy gels can be 
included when it is not possible to reach high carbohydrate requirements via conven-
tional food products.2  Dietary protein requirements are slightly higher than those of the 
general population.13 In case of strength, speed and endurance training2 there is good 
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rationale for recommending athletes protein intakes that are higher than the RDA.15 This 
results in a recommendation of absolute protein intake in the range of 1.3-1.8 g/kg per 
day, consumed as 3-4 equally divided protein-rich meals, to optimize muscle protein 
synthesis or to prevent lean mass losses.15 Despite differences between disciplines of 
sports the recommendation of 5 g/kg/bw of CHO and 1.2 g/kg/bw PRO is a well-accepted 
lower level in athletes exercising 9-15 times a week over 60-90 minutes a day.14  
Being well-hydrated is also an important prerequisite for optimal exercise perfor-
mance. Dehydration increases the risk of severe hyperthermia, heat exhaustion and 
heat stroke during exercise. Therefore, in general athletes should strive for euhydration 
during the day.3  
Vitamins and minerals are needed to ensure optimal body functions.3 In relation to 
exercise, it is sometimes suggested that micronutrients are performance enhancing. 
Nevertheless, the ergogenic effect of most micronutrients is unclear and warrants fur-
ther research.3 It is well known that micronutrients display U-shaped dose-efficacy 
curve, which means that supra-optimal  doses are not beneficial and sometimes even 
harmful In other words, and in contrast to what is sometimes believed by the public, 
there is common scientific consensus that “more” does not mean “better”. Although 
the Health Council of the Netherlands provides a full range of recommended dietary 
intakes (RDIs), the Netherlands Nutrition Foundation also refers to the internationally 
accepted Nordic Nutrition Recommendations9 as a preferred source for recommenda-
tions when Dutch guidelines are pre 2000.  
1.3.2 Sports nutrition recommendations before, during or after exercise 
An  advice  to take food  shortly before exercise is mainly given to pre-fuel the athlete, 
but should not lead to  gastro-intestinal (GI) complaints during exercise.16 Based on the 
literature, the focus on macronutrient intake can differ slightly between training and 
competition. In both cases a good hydration status is seen as desirable with normal 
plasma electrolyte levels based on the consumption of normal meals and standard fluid 
intake.17 Protein, fat and dietary fiber are advised to be mainly excluded from the diet in 
the last 2-3 hours before competition.3, 16 The necessity of this advice during a training 
period is not always as obvious or feasible during daily practice. In addition, some ath-
letes, despite following these recommendations experience GI complaints. Besides the 
intake of nutrients and(or) fluids  before or during exercise, these complaints can also 
have other causes, for example physiological or mechanical. 18 
During exercise the main focus is on the intake of sufficient fluid and carbohydrate.8 
The consumption of carbohydrate immediately before and during exercise represents 
an effective strategy to provide an exogenous fuel source to the muscles and central 
nervous system, especially during exercise lasting longer than 45 minutes.8, 17 The rec-
ommendations for fluid intake range from 150-350 ml per 15 minutes17 and for carbo-
hydrate intake from 30-90 grams per hour.8 These recommendations can be met by 
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athletes during competition as described previously.5, 6 Although there is considerable  
consensus on these recommendations, there is also data that questions for example the 
need of meeting traditional fluid recommendations (i.e. based on programmed fluid 
intake vs. drinking at thirst) for all athletes.19 
After exercise, the nutritional goal is to replace any fluid electrolyte deficit17 up to 
150% of the fluid lost during exercise16 and to promote glycogen syntheses and muscle 
protein syntheses for recovery and adaptation.8, 15, 17 If a quick recovery is desired, ath-
letes should consume 1-4 gram of carbohydrate per kg bodyweight within the first 4 
hours.8 A dose of 20-25 grams of protein appears to maximally stimulate muscle protein 
synthesis.15 It cannot be ruled out that this estimate may be lower for lighter athletes.15 
The combined intake of an insufficient amount of carbohydrate and 10-20 grams of 
protein can enhance muscle glycogen by optimizing efficiency of carbohydrate uptake 
and therefore results in both muscle protein syntheses as muscle glycogen recovery.8  
1.4 Gaps in dietary exposure assessment in sports nutrition research 
A wide array of practical and cultural factors influence the unique set of requirements 
and individual goals of the athlete.1 Nutrition is an important factor as part of elite ath-
letic performance as previously said by Professor Dr. Ron Maughan: “Good food choices 
will not a make a mediocre athlete into a champion, but poor food choices may prevent 
the potential champion from realizing his or her potential.” Sport-specific nutritional 
requirements should be reviewed from three separate angles: the physiological re-
quirements of training and competition; the athlete’s lifestyle; and the tradition of the 
sport.1  
Although there is substantial insight into the energy expenditure of athletes,20, 21 the 
individual athlete’s energy needs often remain difficult to determine. Also, as sport 
nutrition recommendations reflect  total energy requirements,2 it is difficult to evaluate 
real macronutrient needs, as for example previously stated for carbohydrates.22 In prac-
tice, recommendations are often further tailored to sports categories such as endur-
ance, strength and team sports.10-12 However, considering individual differences be-
tween athletes in a specific discipline on the one hand, and advancing insights into 
training methods resulting in mixed training programs on the other hand, it is question-
able whether there is still an evidence base for discipline-specific differences in sports 
recommendations. In daily practice, nutritional recommendations for different types of 
training and sports may be used interchangeably. At the same time, studies that looked 
at differences between categories23, 24 did show some differences. Therefore, conduct-
ing dietary assessment studies in different groups of well-trained competitive athletes is 
of value to increase our knowledge and understanding of the current situation and to 
compare this with data collected in other, including non-European, countries.   
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Food choices, dietary patterns and the use of specific nutritional supplements are 
part of the athletes lifestyle.1 Differences exist in dietary patterns and food choices 
between countries and regions.25, 26 Therefore, it is often difficult to compare results of 
studies even within countries because of methodological differences, and it is even 
more complex to compare results of one country with those from other European stud-
ies. Despite the fact that over twenty studies have been published since 2000, our 
knowledge of dietary intake in the European top-level athletes is still incomplete. The 
main problem with most studies is the small numbers of subjects included and the dif-
ferences in collecting data which makes it difficult to compare  findings.27-49 From a 
Dutch perspective, data from other Western European countries in particular would be 
the most valuable to compare with. However, only a small number of relevant publica-
tions could be found describing  athlete populations from Germany (#3), United King-
dom (#3) and France (#2).  
Nutritional supplements play an important role in total dietary intake of athletes and 
therefore their lifestyle. The  intake of nutritional supplements, i.e. dietary supplements 
containing micronutrients or fatty acids, sport nutrition products containing fluid, car-
bohydrate and protein and ergogenic supplements such as creatine and caffeine by 
athlete’s from all over the world has been well documented in a recent review paper.50 
On the other hand, a proper insight into the relative contribution of these products to 
the average athlete’s total dietary intake is still lacking.  Nutritional supplements are not 
used by all athletes,51 and compliance varies.52 Therefore, it remains to be investigated  
whether the behaviour of athletes with respect to supplement use in general consti-
tutes a sufficient  contribution to achieve nutrient requirements on a population level.4  
The sport’s tradition and it’s culture also influence the importance attributed to- and 
belief in the role of nutrition by athletes and their coaches.1 This can be addressed on 
an individual basis by a sports nutritionist if athletes receive dietary counselling, but 
insight into these cultural characteristics is often limited in scientific studies. Most 
sports also have their own practical literature, i.e. magazines and web pages, which 
enables sport nutritionists to provide tailored advice for individual sports.1 Athletes 
have always been eager to improve their performance, and are therefore prone to 
adopting new but not yet scientifically proven interventions.53 With this knowledge, 
monitoring dietary intake and nutritional supplement use as a purpose in itself is im-
portant as this provides data to those working with athletes in order to expand their 
reference of specific nutritional behaviour of athletes.  
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1.5 Assessment of intake and dietary quality in athletes, are 
improvements needed? 
In current  practice food records are mostly used to describe athletes’ habitual nutri-
tional intake.16 For scientific purposes, food records and 24-hour recalls are commonly 
preferred to assess actual intake. On a group level, both 3-4 day or 7-day food records 
and multiple 24-hour recalls have been used to estimate dietary intake.54, 55 These 
methods, however, show large differences in validity between different populations.56 
All self-reported dietary assessment methods are prone to different types of errors.57 
The advantage of the 24-hour recall is that the outcome is not affected by awareness 
and therefore does not result in an altered intake as seen with the use of a food rec-
ord.56 The preferred five-step, multiple pass, 24-hour recall is highly standardized and is 
considered to result in a reliable estimation of dietary intake.58 At the moment it is 
often assumed that the quality of reporting dietary intake  by athletes  is the same of 
even better compared to the general population, but validation studies are lacking in 
athletes.  
Sport nutrition publications also often use different methods to assess adequacy of 
the diet. This may have resulted in inconsistent study results. For example, differences 
in inadequacies found between previous studies may be caused by differences in die-
tary reference values used.59 The use of the estimated average requirement (EAR or AR) 
is preferred as reference and has been recommended for years.60, 61 Thus, studies using 
recommended dietary intake (RDI), recommended dietary allowances (RDA), or ade-
quate intake (AI) as dietary reference values (DRVs) instead of EAR, may have overesti-
mated the reported inadequacy. Also, in most cases the mean intake has been used to 
compare with available DRVs. In these cases using the median or another approach 
such as the cut-off method or probability approach would be more appropriate.62  
The 21st century athlete often combines intensive training and competition pro-
grams with college education. This type of lifestyle can generate additional methodolog-
ical challenges.  For example, dietary registration of multiple days of a large population 
is needed to capture the large variety in dietary intake caused by considerable differ-
ences in intensity of activities between training days and days of study, rest and recov-
ery. In addition to this, specific sports-related factors such as the season, the day of the 
week and training load contribute to daily variation in intake, which may contribute to 
errors if not properly taken into account.63  
The number of studies in athletes which compare existing methods is limited64 and 
also the information regarding the validity of self-reported dietary intake in elite ath-
letes is scarce.21, 65 There is a need for a properly validated dietary intake method in 
active competitive athletes. 
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1.6 Aims and outline of this thesis. 
Insight into current practices and quality of dietary and nutritional supplement intake of 
Dutch (sub)elite athletes is very limited. Therefore, the overall objective of this thesis 
was to get a better understanding of the current nutritional intake of (sub)elite athletes 
in the Netherlands and to evaluate current practices in view of the existing guidelines 
and developments in the field.  
The following specific objectives served as starting points of this thesis:  
- To evaluate nutritional intake of a diverse group of (sub)elite competitive ath-
letes as well as evaluating the quality of reporting against a reference method. 
- To obtain insight in the intake of energy and macronutrients in different catego-
ries of athletes (endurance, team and strength athletes) and to evaluate nutri-
tional intake against current sport nutrition recommendations.  
- To obtain insight in micronutrient intake in view of existing guidelines to estab-
lish potential risks for inadequate intake, including overdosing, in those using di-
etary supplements and sport nutrition products or not. 
- To obtain insight into the intake and use of nutritional supplements, i.e. dietary 
supplements and sport nutrition products, by athletes and the role of dietary 
counselling.  
- To make an inventory of the use of dietary supplements and sport nutrition 
products in non-athletes.  This made it possible to compare the athlete’s use of 
nutritional supplements against that of non-athletes.  
These objectives are addressed in the next chapters:  
Chapter 2 describes important methodological issues in dietary assessment in athletes 
by comparing our preferred method of multiple web-based 24 hour recalls and accom-
panying questionnaires with a biochemical standard reference method, i.e. multiple 24 
hour urine nitrogen excretions in a subgroup of our population. 
Chapters 3a and chapter 3b focus on the actual intake of well-trained competitive 
athletes. These two chapters describe the results of the Dutch Sport Nutrition and Sup-
plement Study (DSSS) which was based on two relevant key questions: are there differ-
ences in nutritional intake between categories of athletes (endurance, strength and 
team sports) and are athletes using nutritional supplements at potential risk of too high 
or too low intake of micronutrients?  
Chapter 4 focuses on the practice of dietary intake during competition. To this end 
we describe a study in ultramarathon runners where we investigated whether the ath-
letes were able to meet their nutritional targets and the recommendations during a 
race.  
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Chapter 5 describes our research on the frequency of use and reasons for using die-
tary supplements and sport nutrition products in the general Dutch population with the 
aim to compare these figures with those obtained in our athletes population and with 
nationwide surveys mainly focusing on the prevalence of micronutrient based dietary 
supplements for health purposes.  
Chapter 6 completes the investigational part of this thesis by describing a study on 
the association between the use of nutritional supplements  and the question whether 
or not dietary counselling was received. 
Finally, the results found are discussed in chapter 7, which also discusses remaining 
knowledge gaps and presents suggestions for future research.   
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Abstract 
Aim: Information on dietary composition is vitally important for elite athletes to opti-
mise their performance and recovery, which requires valid tools. The aim of the present 
study was to investigate the validity multiple 24-hour recalls and accompanying ques-
tionnaires.  
Methods: Forty-seven Dutch elite top athletes, both disabled and non-disabled, aged 
18-35 years, with a BMI of 17.5-31 kg/m2, exercising >12 hours a week were recruited 
to assess protein intake. Three Web-based 24-hour recalls and questionnaires were 
compared with three urinary nitrogen excretions on the same day for mean intake, 
ranking based on correlation between both methods and visual inspection of a Bland-
Altman plot to evaluate agreement of the protein intake between recalls and urinary 
excretions in individuals.  
Results: Estimated mean dietary protein intake was 109.6±33.0 g/d by recalls and ques-
tionnaires versus 141.3±38.2 g/d based on nitrogen excretions in urine; the difference 
was 25.5±21.3% between methods (p<0.05). We found a reasonably good association 
between methods for protein intake of 0.65 (95% CI: 0.45; 0.79). On an individual level, 
underreporting was larger with higher protein intakes than with lower intakes. No sig-
nificant differences were found in reporting absolute differences between subcatego-
ries (gender, under reporting, BMI, collection of recalls within a certain amount of time 
and using protein supplements or not). 
Conclusions: Combined, multiple, 24-hour recalls and questionnaires underestimated 
protein intake in these young elite athletes more than reported for non-athlete popula-
tions. The method proved to be suitable for ranking athletes according to their protein 
intake as needed in epidemiological studies. On an individual level the magnitude of 
underestimation was about equal for all athletes except for those with a very high pro-
tein intake.   
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Introduction 
Dietary composition and timing of food intake are vitally important for elite athletes to 
optimise their performance and recovery.1-3 Protein requirements, in particular, differ 
between elite athletes and physically less active people. Recommendations for protein 
intake are between 1.2 and 2.0 g/kg/day and are frequently tailored to individual 
needs.4, 5 This demands for adequate tools to advise and monitor the intake of athletes.  
Food records and 24-hour recalls are commonly used to assess current intake or in-
take of the recent past. To assess dietary intake by athletes at a group level both, 3-4 
day or 7-day food records and multiple 24-hour recalls have been used.6, 7 These meth-
ods, however, show large differences in validity between different populations.8 
The 21st century athlete, often combining intensive training and competition pro-
grammes with college education, demands practical dietary assessment methods like 
Web-based 24-hour recalls. The advantage of the 24-hour recall is that the outcome is 
not affected by awareness and consequently an altered –desirable - intake as seen with 
the use of a food record.8 Also by using Web-based recalls athletes can report their 
intake, within certain limits, at their own convenience. The preferred five-step, multiple 
pass, 24-hour recall is highly standardised and is considered to result in a reliable esti-
mation of dietary intake.9  
At the same time, all dietary assessment methods based on self-reporting are prone 
to different types of errors.10 In addition to this, specific sports-related factors such as 
season, day of the week and training load contribute to daily variation in intake, which 
may contribute to errors if not taken into account properly. Total intake of energy and 
macronutrients, such as protein, normally display less random or day-to-day variation 
than other nutrients such as retinol or marine fatty acids. 11 Systematic errors i.e. over- 
or underreporting of intake are often due to social desirable reporting, omitting foods, 
and underestimating of portion sizes.12 
Validation studies are important for identifying the magnitude and type of meas-
urement error of a specific method. For validation purposes, 24-hour urinary nitrogen is 
considered the best available biomarker to estimate dietary protein intake.13-18 The 
method was first proposed by Isaksson19 and further developed by Bingham and Cum-
mings.15 When corrected for faecal and skin losses of nitrogen, the method correlated 
well (r=0.99) with protein intake estimated by 28 days of duplicate portions.15, 19 
Information about the validity of self-reported dietary intake in elite athletes is 
scarce.20, 21 Their active lifestyle with intensive training programmes generates method-
ological problems. For example, dietary registration of multiple days is needed to cap-
ture the large variety in dietary intake caused by differences in intensity of activities 
between training days and days of rest and recovery. 
To our knowledge, no validation studies have been undertaken to estimate the ac-
curacy of multiple 24-hour recalls to assess protein intake in athletes. Therefore, the 
aim of this study was to investigate the validity of assessing protein intake by three 24-
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hour recalls plus day questionnaires on dietary supplement intake compared with anal-
ysis of urinary nitrogen excretion using three different 24-hour samples in elite athletes. 
Methods 
Study design 
The study was performed between March and July 2013. In the general information 
letter for candidate subjects it was explained that the collection of 24-hour urine served 
to determine the nitrogen content of the consumed diet. After including subjects, no 
additional information was given about the intended use of the 24-urine collections or 
the timing of the 24-hour urine collection in relation to the 24-hour recalls. 
After inclusion, subjects were asked to complete three unannounced Web-based 
non-consecutive, 24-hour dietary recalls and questionnaires about dietary supplements 
and sport nutrition products, in combination with a 24-hour urine collection covering 
the same day. The measurements were scheduled during a 2-4 week period on three 
separate days, selected by the researchers, and collection days were at least four days 
apart. If the collection (24-hour recall plus daily questionnaire and/or 24-hour urine 
collection) was not complete, additional days were scheduled at the end of the 2-4 
week period. This gave athletes four opportunities  to deliver at least two 24-hour re-
calls, questionnaires and 24-hour urine excretions.  
Study population  
Forty-eight subjects, both disabled and non-disabled Dutch elite athletes, aged 18-35 
years, with a BMI of 17.5-31 kg/m2 and a minimum exercise duration >12 hours a week 
were recruited. They had an elite top athlete status of the Dutch Olympic Committee 
(NOC*NSF) and/ or, had participated in a European or World Championship, or had 
proven to be part of the national top level in their discipline or age group. Subjects were 
recruited from different national elite teams for athletics (middle distance and sprint), 
cycling (track sprint, BMX cyclists and Paralympics), archery, speed skating and short-
track skating. Before the start of the study all coaches confirmed that the training pro-
gramme during the period of the study (3 to 5 weeks) was part of a stable condition 
training phase. The majority of the subjects did not focus specifically on building muscle 
mass or breaking down body fat as a possible interfering factor when assessing nitrogen 
balance. Only four athletes intended to lose weight during this period. None of the 
subjects was diagnosed with a disease or used medication. Written informed consent to 
participate was provided by all subjects after attending a presentation meeting about 
the study. Subjects received a financial incentive if they delivered at least two complete 
datasets out of three, consisting of a 24-hour urine collection, a 24-hour recall plus a 
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questionnaire on dietary supplement and sport nutrition product intake and exercise. 
The survey was conducted according to the Declaration of Helsinki and approved by the 
Medical Ethics Committee of Wageningen University. 
24-hour recalls 
The 24-hour recalls were collected with “Compl-eat™”, a program built by Wageningen 
University that guides participants to report accurately report all foods and drinks con-
sumed the previous day, and were to be reported within 36 hours. It is designed based 
on the Multiple-Pass approach.9, 22  Using Compl-eat™ the participant first filled out the 
Quick list indicating which food groups were consumed at what occasion and time of 
the day without giving details. The next step was to specify all food groups of the quick 
list meal by meal in chronological order during the day. The participant was allowed to 
continue with the next meal if all food groups of a meal had been specified and the 
amounts had been added. The participant was offered  the possibility to split up food 
groups into subgroups, by a search tool and scroll down menus. In this way, the tool 
enables to select single foods and standard recipes commonly used in the Dutch popu-
lation. The program also contains a recipe module in which the participants could adapt 
standard recipes or fill out  all ingredients of their own recipe and the part of the recipe 
they consumed. Yield and retention factors were automatically taken into account when 
appropriate. Participants could include notes for clarifications when needed. Compl-
eat™ reminded the participants to fill out often forgotten foods such as sugar in coffee, 
snacks, fruit, and cooking fat.  
Trained dieticians checked all Web-based 24-hour recalls for their completeness and 
unusual portion sizes and processed all notes made by the participants. Adjustments of 
errors and notes were made in a standardised way using standard portion sizes and 
recipes according to a protocol.23  
The program included a wide selection of foods commonly used in a Dutch food pat-
tern (Stichting NEVO, 2010) but no dietary supplements or sport nutrition products, 
which  were questioned separately. 
Nutritional supplement intake questionnaires 
The Web-based questionnaires regarding training load (total minutes of exercise per 
day) and dietary supplement and sports nutrition product use as part of each separate 
24-hour recall were collected with the “vitality portal” built by the HAN University of 
Applied Sciences. Subjects were asked if they had used any dietary supplements and/ or 
sports nutrition products. If so, they were asked to select the specific brand, type and 
name of the supplement from  a pre-specified list with more than 3400 products. Prod-
uct information was largely based on the Dutch database for dietary Supplements 
(RIVM, 2015). Next, subjects were asked to specify the total dose of the product used 
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on that day based on unit dose and type of formulation (capsule, tablet, drops etc.) in 
case of dietary supplements, or grams and/or millilitres in case of sport nutrition prod-
ucts. If a product was missing in the list, subjects were able to fill out all specifications as 
described before. We were able to retrieve the protein composition of all dietary sup-
plements and sport nutrition products used based on label information given by manu-
facturers. Data was checked for unusual values, unspecified dietary supplements and 
sports nutrition products. If necessary, participants were contacted and asked for addi-
tional information. If information was missing, the composition of dietary supplements 
and sports nutrition products was retrieved from the internet or through local shops. 
Combining 24-hour recalls and questionnaires 
To calculate the mean total energy and protein intakes, results of all 24-hour recalls 
with questionnaire of the same day were summed and divided by the total number of 
days collected per person. For conversion of products into energy and nutrients the 
Dutch food composition database of 2010 was used (Stichting NEVO, 2010) in combina-
tion with the Dutch database for dietary Supplements (NES).24, 25 
Total reported dietary intake per person was converted into total protein (g and 
g/kg), and total energy (MJ). Food intake level (FIL) was calculated by dividing estimated 
energy intake (EI) through basal metabolic rate (BMR) based on the formula of 
Schofield.26 The FIL was used as an indication of the quality of reporting in comparison 
to expected PAL values for athletes. Based on studies using DLW, PAL values are ex-
pected to be between 1.75 and 2.0 for these young adult athletes.27 We compared the 
protein intake of the group above and below the median value for FIL to evaluate the 
influence of reporting quality. 
Urine collection 
Each subject received labelled containers (at least two), one funnel to help the collec-
tion, one safety pin to be fixed in the underwear as a reminder for collection and a diary 
scheme booklet to register the timing, observations (e.g., use of medication and sup-
plements) and possible deviations (e.g., missing urine) of the urine collection protocol. 
Subjects were instructed to keep the urine samples at approximately 4°C at all times. 
Boric acid (3g/2 litre bottle) was used as preservative. 
The evening before the collection, subjects received a short text message between 
10:00-11:00 PM as a reminder. The collection of the 24-hour urine started with sam-
pling and discarding the first urine in the morning after waking up. Subsequently, the 
urine produced during the next 24 hours, up to and including the first sampling of the 
following day, was collected. The subjects handed in their urine samples at their training 
facilities, at maximum five hours after the end of the collection.  
Validation of web-based, multiple 24-h recalls and questionnaires 
31 
To check completeness of urinary collections, subjects took three tablets of 80 mg 
PABA (PABAcheck, Laboratories for Applied Biology, London, UK) on the day of the urine 
collection, one during each of their main meals. The total amount of 240 mg of PABA is 
expected to be almost completely excreted in 24 hours.28, 29  
Analysis of urine samples 
In our laboratory, urine fractions of the same person and 24-hour period were mixed, 
weighed and aliquoted. Each sample of 24-hour urine was measured to the nearest 1.0 g 
on a digital scale. The urine was homogenised and two samples of 4.5 ml were taken. 
Samples were stored at -20 ⁰C until further analysis could take place. Total nitrogen was 
analysed using the automated Kjeldahl method.30 Total urinary nitrogen was calculated 
by relating nitrogen levels to the volume of the 24-hour collections. The assumption was 
made that excreted nitrogen accounts for 81% of ingested protein due to extra-renal 
nitrogen losses.15, 31 Daily dietary protein was calculated based on the assumption that all 
proteins on average contain 16% nitrogen.14, 32 Thus, excreted N (mg/d) was converted to 
g protein/d (protein g/d = (N mg/d x 6.25)/1000) and then divided by 0.81.33 
A high-performance liquid chromatography (HPLC) method was used for the deter-
mination of PABA. This method includes alkaline hydrolysis for conversion of PABA me-
tabolites in the urine samples to PABA, followed by separation on a reverse phase col-
umn, detection at 290 nm and quantification using an internal standard. Total urinary 
PABA was calculated by relating PABA concentration of the samples, to the volume of 
the 24-hour collections. 
Using a minimum PABA recovery of 78%  proposed by literature as cut-off point for 
complete urine collection,34 13% of the urine samples were considered  incomplete. A 
sensitivity analysis was performed comparing the results from the complete urine da-
taset with the results after exclusion of the urine samples <78% PABA recovery.  
The mean protein intakes based on recalls and questionnaires was 10 grams lower if 
subjects with PABA recovery below 78% were excluded as compared to the total da-
taset. However, excluding subjects based on PABA recovery did not affect estimates for 
protein intake based on 24-hour urine excretions or the association between protein 
intake derived from recalls and urines. Therefore, we decided to report the results on 
the complete dataset.  
Other measurements 
To check whether the assumption of nitrogen balance was justified, self-reported bod-
yweight on each day was recorded as an indicator for stable bodyweight over the total 
period.  
Also, creatinine levels were analysed in a small subgroup (n=19 with 2-3 samples 
within each person) to estimate protein muscle balance as an indicator for nitrogen 
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balance. Urinary creatinine was analysed by SHO (Velp, the Netherlands) using a spec-
trometric chemical analyser (Modular P800, Roche, US). All samples were measured in 
duplicate and each run contained two control samples. Analyses were valid if duplicates 
differed by less than 5% and control samples were within the expected range. Total 
daily urinary creatinine content was calculated for the total urine collected over 24 
hours.  
Statistical analyses 
Statistical analysis was carried out on data of all subjects delivering 2-3 complete data 
sets using the statistical software program SPSS (version 19). Values for protein and 
energy were presented as continuous variables, expressed as mean ± SD or 95% CI. Log 
transformations (ln) were used, if necessary, to obtain a normal distribution for addi-
tional statistical analysis. Protein ratio was calculated by dividing estimated mean pro-
tein intake based on 24-hour recalls by protein based on 24-hour nitrogen excretions. 
To assess whether athletes were in nitrogen balance, a repeated measures ANOVA 
(using mixed models with Bonferroni correction) was performed using values of creati-
nine and body weight. 
Paired t-test was performed to determine the difference between total mean pro-
tein intake by 24-hour recall and 24-hour urine method with statistical significance 
levels set at p≤0.05. Furthermore, differences for protein intake were examined within 
several subgroups; gender, reporting, BMI category and recalls by use of a univariate 
analysis.  
To investigate ranking of individuals according to their intake, Pearson correlation 
coefficient was calculated between nitrogen estimated by the 24-hour recall method 
and the 24-hour urine samples. A partial Pearson correlation coefficient (r) was calcu-
lated for estimated crude and energy corrected protein intake and coefficients were 
computed using regression calibration-adjusted correlation. For all correlations, 95% 
confidence intervals where calculated using Fisher’s Z transformation.  
For total protein intake (g/day and g/kg/day) attenuation factors and 95% CI were 
calculated. These factors were estimated as the slope in the linear regression of the log 
transformed biomarker value plotted against the log transformed reported intake. Alt-
hough no formal  cut-off values exist, values less than 0.4 were considered of no use.  
A Bland-Altman plot was made to evaluate the agreement of the assessment of pro-
tein intake between recalls and urinary excretions in individuals. For this plot, the mean 
intake of protein estimated by the methods was plotted against the difference in protein 
between the methods. We added 95% limits of agreement (mean ± 2SD) to the plot. 
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Results 
The vast majority of the 47 athletes delivered three 24-hour recalls, 3 questionnaires 
and three urine collections, except 2 subjects who delivered only 2 complete datasets.  
This final study population consisted of both male (66%) and female (34%) athletes; 
participants were young adult elite athletes, with a BMI between 20 and 31 kg/m2 (Ta-
ble 1). Subjects practised a large variety of sports: 5 middle-distance runners, 8 track 
cyclists, 6 BMX cyclists, 8 Paralympic cyclists (of which 3 physically disabled, 1 having 
Mobius syndrome, 1 visual disabled and 3 non-disabled tandem pilots), 3 athletic 
sprinters, 7 archers, 7 long-distance ice-skaters, and 3 short-track skaters. Most recalls 
(74.5%) were collected within 36 hours, and all recalls within 72 hours. A proportion of 
78.7% of the subjects reported a FIL lower than 1.75, indicating possible underreporting 
of energy intake. 
 
Table 1. Characteristics of the 47 athletes 
 Gender Age Height Body weight BMI BMI 
>251 
Recall 
<36h 
FIL2 Reporters 
<PAL 1.753 
 N % years cm kg Kg/m2 % % Mean % 
Female 16 34 20.8±4.0 172.6±4.7 66.3±8.1 21.7±2.9 18.8 81.3 1.7±0.5 68.9 
Male 31 66 21.4±3.9 182.8±5.5 78.4±8.9 21.5±4.6 19.4 71.0 1.5±0.3 83.7 
Total 47 100 21.2±3.9 179.3±7.2 74.3±10.3 21.6±4.1 19.1 74.5 1.6±0.4 78.7 
All values are shown as number (n) and percentages, mean and standard deviation or percentage. 
1 >25.0 kg/m2 and <31.0 kg/m2. 
2 FIL=EI/BMR, reported values between 0.88-2.81. 
3 PAL 1.75 is selected as cut-off value to determine underreporting for active younger adults based on FIL.  
Comparison of methods 
Mean protein intake assessed by the 24-hour recalls combined with the nutritional 
supplement intake questionnaires was underestimated in comparison to protein esti-
mated by the 24-hour urine nitrogen excretions. Estimated dietary mean protein intake 
was 109.6±33.0 g/d or 1.49±0.35 g/kg/d by recalls versus a 141.3±38.2 g/d or 1.90±0.39 
g/kg/d based on nitrogen excretions in urine, with a protein ratio of 0.78. The absolute 
underestimation was -31.7±30.0 g/d reflecting an absolute significant mean difference 
of 25.5±21.3% between methods in g/d (p<0.001) which is in line with the previously 
suggested underreporting of energy intake. Estimated mean energy intake was 16.9±4.2 
MJ, with a range of 8.54-26.6 MJ. 
We found a rather high correlation of 0.65 (95% CI: 0.45; 0.79) for crude protein in-
take in g/d between the multiple 24-hour recall method and 24-hour nitrogen excre-
tions (Table 2). If protein intake was expressed as protein per kg bodyweight correlation 
was slightly lower, but still reasonably good (Table 2). Attenuation factors were high for 
total protein intake and good to acceptable for protein intake in g/kg/d. 
Chapter 2 
34 
To predict true protein intake when a gold standard is not available in daily practice 
a calibrated regression function formula was calculated for both crude protein and 
energy adjusted protein as shown in Table 2.  
 
Table 2. Associations and attenuation factors for the comparison of self-reported protein intakes to urinary 
nitrogen excretions for crude protein intake 
Protein intake Pearson correlation Attenuation Calibrated regression function 
 R 95%CI 1 AF 95%CI  
Crude intake g/day 0.65 0.45-0.79 0.76 0.49-1.02 y = 58.3 + 0.76*g protein 24h recall and 
questionnaires2 
Crude intake g/kg/day 0.58 0.35-0.74 0.65 0.36-0.95 y = 0.43 + 0.52*g/kg protein 24h recall 
and questionnaires2 
r= pearson correlation coefficient, AF= attenuation factor. 
1 95% CI computed by Fisher Z transformation.  
2 y= β0+(β1*protein 24h recall). 
 
Figure 1 depicts the agreements for difference of protein intake based on 24-hour re-
calls and 24-hour urine excretions against the mean of both methods, in a so-called 
Bland-Altman plot. The 95% limits of agreement were between -90.4 and +27.1 gram. In 
addition, the Bland-Altman plot shows that results were very similar for men and wom-
en. Underestimation of protein intake was related to the amount of protein intake (r: -
0.20; 95% CI -0.46; 0.09) indicating that higher protein intakes are possibly prone to 
higher underreporting than lower intakes.  
 
 
Figure 1. Difference of protein intake based on 24-hour recalls and 24-hour urine excretions against the mean 
of both methods 
Data points for women are in grey and for men in black. 
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For all categories shown in Table 3 no significant differences were found between pro-
tein intake estimated by both methods between subcategories. The  p-values were 0.51 
for gender,  0.58 for underreporting according to a cut-off value of 1.75, 0.29 for BMI 
category,  0.08 for reporting within 36 hours or more, and 0.63 for protein supplement 
use or not. When we splitted the population in two groups of low reporters and high 
reporters (below and above the median FIL of 1.52) the mean FIL was respectively 
1.26±0.17 for the group below the median and 1.76±0.29 for the group above the me-
dian. The mean protein intake of the high reporters was significantly higher than that of 
the low reporters (P=0.04). For ranking based on correlations some categories showed 
better results as the other categories within subcategories.  
Use of protein supplements 
Thirteen out of 47 subjects used one or more protein supplement(s). Two subjects re-
ported the use of protein supplements on all 3 days, 3 subjects on 2 days and 8 subjects 
on only 1 day. For these 13 subjects mean intake of protein including supplements was 
129.3±41.0 g/d which was 27.2 g/d higher than that of non-users of protein supple-
ments (n=34). Protein supplement users showed a slightly higher correlation (r=0.70, 
95% CI 0.24-0.90) but also wider 95% CI than non-users (r=0.65, 95% CI 0.40-0.81).     
Protein balance 
Total mean daily urinary creatinine in mmol/d was 19.4±4.69 (with a mean of 18.6±4.17 
mmol/day for women and 19.8±5.05 mmol/day for men) which is within the normal 
range of 10-20 mmol/d.35 Per sport category small differences were observed. Speed 
skaters and short-track skaters had mean creatinine levels ~14.5 mmol/d. The middle-
distance runners, Paralympic cyclist, track cycling sprinters, athletic sprinters and arch-
ers had slightly higher mean creatinine levels of ~20 mmol/day (range 13-28). In addi-
tion, BMX riders had the highest creatinine levels in comparison to others (average ~24 
mmol/day, with a range of 19-32 mmol/day). Although some of the athletes had higher 
creatinine levels than within normal limits, their urinary creatinine levels did not differ 
between single recall days (p=1.00) confirming that they were in nitrogen balance. Also, 
according to the interviews with coaches (results not shown) none of the athletes 
gained or dropped weight as part of a personal intervention, and daily body weight did 
not differ between recall days (p>0.05). Based on the results of these combined meas-
urements we consider this group of subjects to be in nitrogen balance. 
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Discussion 
As far as we know, this is the first validation study in elite athletes to evaluate a Web-
based 24-hour recall with questionnaires for protein intake. Mean protein intake was 
underestimated by 25.5%. The multiple 24-hour recalls and questionnaires proved to be 
suitable for ranking athletes according to their protein intake, as reflected by the rea-
sonably high correlation coefficient. At the individual level we observed considerable 
underestimations of protein intake, which tended to be more pronounced in situations 
where intake was higher. Small differences were seen for subcategories of athletes. 
Quality of results 
It is difficult to compare outcomes of the tool used in the present study,  the Web-
based recall module Compl-eat™ and questionnaires ,with those of other Web-based 
tools36-40 because of different study designs. Recently, Compl-eat™  was compared to 
telephone recalls performed on randomly chosen days, independent of the Web-based 
recalls, as part of an ongoing  cohort study (NQplus, Wageningen, the Netherlands). 
Here, it was found  that the tool underreported energy intake  by 8%, and protein by 
9%. Possible explanations for these differences included not defining serving sizes, or 
ignoring components  such as dairy or cooking fat. Thompson et al.41 evaluated  a com-
parable method,  ASA24 against an Automated Multiple-Pass Method (AMPM) inter-
view by telephone and found an average underreporting of 6 % for reported energy. 
Thus, a part of our underreporting may be explained by using a Web-based tool instead 
of an AMPM based interview by telephone. 
As no comparable studies are available for athletes using nitrogen excretion as a val-
idation method  for Web-based 24-hour recalls, we discuss our results in comparison to 
studies performed in other  groups. A study in women using two 24-hour recalls and 
eight 24-hour nitrogen excretions in urine42 reported a smaller mean difference than 
our study. The difference found by Bingham et al. was only 7.8 % between methods, 
which is substantial lower than in our women (24.9%). The EFCOVAL study included 
data of a population in the Netherlands that may be comparable with our results be-
cause of a similar dietary pattern.43 The study included two non-consecutive 24-hour 
recalls and 24-hour urine collections covering the same reference day. Underreporting 
for protein in men was 12.4% and in women 8.2%. Although total underreporting was 
lower in this overweight older population, gender differences are pointing in the same 
direction. Also, the reported protein ratio of our study of 0.78 is in line with a range of 
0.54-0.99 reported as part of the EPIC study in non-athletes.13 So the extent of un-
derreporting on a group level in the present study is fairly acceptable in comparison to 
others using 24-hour recalls.13, 43, 44  
Three 24-hour recalls covering the same reference day as the biomarker appeared 
to be good for ranking elite athletes according to their protein intake, as indicated by a 
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rather high correlation with the reference method (r=0.65; 95% CI 0.45-0.79). Pooled 
results of 5 validation studies in non-athletes showed an average correlation for men of 
0.39 (95% CI  0.31-0.47) and for women of 0.42 (95% CI 0.36-0.48).45 The Dutch data 
sub-set of the EFCOVAL study also resulted in lower unadjusted correlations for men: 
r=0.42 (95% CI 0.18-0.61) and women: r=0.51 (95% CI 0.29-0.67).43 Thus, based on the 
comparisons with these studies the results of our validation study for protein are com-
parable or better than that of others.43, 45 However, most other studies did not cover 
the same reference day for recall and biomarkers, as was the case in our study 
The observed attenuation factors for total protein intake are almost two times as 
high as in most others.45 This indicates that relative risks assessed in our population will 
not be substantially de-attenuated because of measurement error. High correlations 
and attenuation factors indicate that the method is suitable for ranking athletes accord-
ing to their protein intake. 
On an individual level the magnitude of underestimation is quite large as shown by 
the levels of agreement in the Bland-Altman plots (with a range of -105.7g up to 17.3g). 
This is also seen in other studies.14 The higher protein intakes based on the means of 
the combined methods tended to be underestimated more than the lower intakes. An 
explanation for this finding might be that the 24-hour recalls make use of standardised 
portion sizes which may not be representative for athletes.14 It is not very likely that we 
have missed specific protein-rich foods, because our questionnaire was specifically 
designed to cover all dietary supplements and sports nutrition products containing 
protein. Nevertheless, in future studies, estimation of protein intake needs specific 
attention.  
Athletes may register their dietary intake more carefully than non-athletes as they 
would represent a motivated and disciplined population. There is  some evidence that 
motivated subjects report better than less motivated subjects,46 but not much is known 
about the validity of protein intake values assessed by multiple 24-hour recalls in elite 
athletes. Mean underreporting of 25.5% is higher than in the non-athlete literature, but 
these studies also differ in methodology used compared to ours.13, 45 An explanation 
could be that underreporting was larger because of a higher true mean protein intake 
of athletes compared to less active people. This seems reasonable, because all other 
results respond within the normal range in comparison to other publications.  
Protein intake values in our study are in line with  those reported by other groups of 
athletes. However, only a few studies used multiple 24-hour recalls.7, 47 One study using 
three 24-hour recalls reported an absolute mean protein intake of 1.6±0.4 g/kg/day.7 
This is slightly higher than the mean protein intake found in the present study. The only 
Dutch study examining elite athletes, reported 1.0-3.0 g/kg/d for different types of 
athletes, based on 3-4 day food records.48 Mean protein intake of dietary supplement 
users in our study was substantially higher than that of non-users. However, as the 
overall number of participants using dietary supplements  was small, the contribution of 
protein supplements to the mean protein intake was limited. 
Validation of web-based, multiple 24-h recalls and questionnaires 
39 
Urinary nitrogen as marker for dietary protein as proposed by Isaksson (1980) is well 
accepted as a marker for actual protein intake,13, 14, 16-18, 49 but assumes nitrogen bal-
ance.19 Especially in athletes, this assumption may not always be applicable  because 
athletes potentially  have a higher protein turnover than more sedentary subjects.50 We 
used  urinary creatinine levels as an indicator of protein turnover. Higher creatinine 
levels are often a sign of  higher protein turnover.51 In athletes, higher urinary creatinine 
values supported by serum creatinine values compared to sedentary people  have been 
found  in several studies.52 In our study, urinary creatinine levels in the athletes did not 
differ between the recall days. Also, although mean creatinine levels were high, they 
were still in line with reference values (10-20 mmol/d) for  the normal population.53 
Athletes performing sports characterised by a high BMI, indicating a high muscle mass, 
have higher serum creatinine levels than endurance athletes, who generally have  a 
lower BMI.54-56 Most athletes in the present study had pronounced muscular bodies 
probably resulting in higher net protein turnover and higher creatinine levels. However, 
we assume that our athletes  were in nitrogen balance. This  was also supported by 
stable body weights during the study period and confirmation by coaches that  training 
schedules were stable. If nitrogen was overestimated, underreporting of protein would 
actually have been smaller than measured. 
We used the data of all subjects, despite incomplete PABA recovery in a small num-
ber of subjects. Regarding this, our results were not completely in line with previous 
findings,57 because we found a difference in estimated mean protein intake of the total 
population as compared to that of the population excluding subjects with a low PABA 
recovery. However, as other results were not affected we chose to follow the recom-
mendation of Subar et al.57 to include all subjects. This resulted in a smaller mean dif-
ference (11.3 g/day) without influencing correlation coefficients.  
We found no significant differences for mean protein intake within BMI or other sub-
categories. However, results for these subcategories should be interpreted with care  
because of small sample sizes, resulting in a wide 95% CI in some, but not all cases. The  
higher association between protein intake and the biomarker found in athletes with a BMI 
>25 kg/m2  as compared to the other two subcategories is interesting because in most 
validation studies overweight people misreport more than their leaner counterparts. A 
possible explanation is that athletes with a high BMI are mostly not overweighted, but 
very muscular and perhaps more aware of their protein intake than others. 
We chose to compare the estimated FIL with a PAL of 1.75 to distinguish between 
accurate reporting and underreporting. PAL for active people was estimated  ~1.75, 
besides this no training study reported individual PAL values over 2.5, and mean PAL 
values in young people reaches a ceiling around 2.0.27 Although slightly conservative 
this PAL seems reasonable for this mixed group of active athletes. We indeed found that 
reports below a FIL of 1.75 were less accurate than those of 1.75 or higher suggesting 
underreporting of energy as well.  
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Additional questionnaires were used to assess intake via  supplements and/ or sport 
nutrition products as the Web-based 24-hour recall module was in our opinion not 
specific enough in this respect. Because of the ability to select out of >3400 pre-
selected products we think that the inquired types of foods were rather complete and 
could not explain the underestimated intake. The used food composition tables and 
ingredient declarations of the dietary supplements and sport nutrition products can 
have a significant influence on reporting. The contribution of these products was based 
on labelling information only, which may not have been accurate. However, because of 
the small number of users and amounts used these are considered of minor influence 
on the group mean protein intake. On the other hand, estimation of the normal diet 
based on food composition tables is also prone to under reporting as is known from 
studies with duplicate portions.58 
Further, the combined 24-hour recalls and questionnaires were unannounced, but 
followed consistently the day after the 24-hour urine collection. It cannot be excluded 
that subjects were aware of this, and adapted their protein intake during the second 
and third collection. However, this would not have affected the difference in estimated 
protein intake between recalls and urines. It is unlikely that delay of reporting was of 
great influence on total group reporting. Some of the 24-hour recalls were not collected 
within the requested 36 hours. Due to the strict planning of training schedules of the 
athletes, with different types of training days, it was not always possible to perform 
rescheduling. Exceptionally, a new time slot was opened and data collection took place 
within 72 hours from the first invitation, but mostly within 48 hours. No significant dif-
ference was seen between categories, although protein intake was substantially lower 
in the group reporting after 36 hours.  
Although our  study population did not cover all types of sports, it was a fairly good 
mixture of different types of elite athletes competing at an international level. The 
mixed exercise types and training programmes reflect a representative work load for 
elite level athletes. The men-women ratio was representative for elite status athletes. 
The study was designed to assess current intake collecting all data within 4 weeks. 
We believe this gives the best insight into the actual accuracy of multiple 24-hour re-
calls in athletes, because athletes undergo training programmes with changing exercise 
load and volume throughout the year. Although the study design did not take into ac-
count all different seasons, the effect on the results is expected to be small on the pop-
ulation level. The study covered winter, spring and summer during a basic conditional 
training phase of different specific types of sport. Nevertheless, we can only draw con-
clusions about the validity of this method within a 4 week period. 
In conclusion, the validity of assessing protein intake by three 24-hour recalls plus 
day questionnaires on dietary supplement intake is fairly good in comparison to the 
protein intake based on nitrogen excretions in three different 24-hour urine samples in 
elite athletes. The combined multiple 24-hour recalls with an accompanying question-
naire about  dietary supplements and sport nutrition products were shown to underre-
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port protein intake in young adult elite athletes, to the same extent as in other, non-
athlete, populations. The method is, however, well suitable for ranking athletes accord-
ing to their protein intake as is needed in epidemiological studies. When correlation for 
protein intake was adjusted for total energy intake based on self-reported intake no 
clear improvement of results was given, indicating that protein intake is a focus of ath-
letes regardless their total energy intake. On an individual level the magnitude of un-
derestimation was about equal for all athletes except for those with a very high intake 
of protein. Other determinants related to underreporting included gender, reporting 
<FIL of 1.75, BMI, time to hand in recalls and using protein containing dietary supple-
ments or not and should be taken into account in dietary assessment of athletes to 
obtain better insight in the estimation and monitoring of protein intake. 
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Abstract 
Aim: To evaluate mean energy and macronutrient intake of well-trained athletes active 
in different sport disciplines in view of frequently used sport nutrition guidelines. 
Methods:  Web-based 24-hour dietary recalls and questionnaires were obtained within 
a 2-4 week period from 553 Dutch well-trained athletes. Total energy and macronutri-
ent intake was compared for categories (endurance, team and strength) within gender, 
and diet quality was evaluated against reference values by applying a probability ap-
proach.  
Results: On average 2.83 days per person were reported with energy intake ranging 
between 2566-2985 kcal and 1997-2457 kcal for men and women, respectively. Mean 
intake of energy and macronutrients of male endurance athletes was higher than that 
of team athletes but similar to that of strength athletes. Female endurance athletes 
reported higher mean intake compared to both team and strength athletes. Most ath-
letes, but not all, met the Dutch (general) EAR for carbohydrate (2.9 g/kg/bw) and pro-
tein (0.6 g/kg/bw). Overall 80% of the athletes met the sport nutrition recommendation 
of 1.2 g of protein per kg/bw, but 50-80% did not met the recommendation of  5.0 g or 
more carbohydrate per kg/bw as advised in current sports guidelines.   
Conclusions:  Only small differences exist in mean energy and macronutrient intake 
between elite endurance, strength and team sports athletes. Furthermore, the majority 
of the athletes was able to meet the generally accepted protein recommendation for 
athletes of 1.2 g/kg/bw, but carbohydrate intake was low to moderate in most athletes, 
between 3-5 g/kg/bw. 
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Introduction 
It is commonly acknowledged that average requirements for carbohydrate and protein 
in well-trained athletes are above those set for the general sedentary population.1, 2 
Indeed, recommendations for protein and carbohydrate intake for athletes start slightly 
above estimated average requirement (EAR) values for the general population (i.e. 2.9 
g/kg bodyweight in the Netherlands).3 However, current recommendations for carbo-
hydrate and protein intake for athletes do show a considerable degree of variation,4 
with carbohydrate intake recommendations ranging from 3 to12 g/kg/bw per day, and 
protein recommendations from 1.2 to 2.0 g/kg/bw.5, 6 Next to these general values, 
tailored recommendations are set for specific sport disciplines such as endurance, team 
and strength sports.7-9 Although athletes are considered a disciplined and motivated 
population, several recent studies suggested that athletes may often not meet macro-
nutrient recommendations.10-15 However, this viewpoint has been questioned by oth-
ers.16, 17 Only a few studies have compared dietary intake between elite athletes from 
different disciplines such as endurance, team and strength athletes.16, 17 Usually endur-
ance athletes had a higher energy intake and reported substantially higher intakes of 
carbohydrate and protein than others. Thus the idea that strength athletes would have 
a higher protein intake than other athletes was not confirmed.16-18 Given the advancing 
insights into training methods, resulting in mixed training programs, i.e. including both 
endurance and strength training, especially in high level athletes, the question rises 
whether this differentiation for dietary intake between sport disciplines is still common 
practice.   
The objective of the present study was to evaluate nutrition intake against generally 
accepted sport nutrition guidelines for carbohydrate and protein, and investigate 
whether differences exist in macronutrient and energy intake between endurance, 
team and strength athletes. This was assessed in a conditioning phase during a training 
period using a web-based 24-hour recall method with additional nutrient supplement 
questionnaires.    
Methods 
Study design 
The study was performed between February 2012 and June 2015. After enrolment, 
participants were asked to complete three or four unannounced web-based, 24-hour 
dietary recalls, and an equal number of accompanying questionnaires about nutritional 
supplement use. All recalls were scheduled during a 2-4 week period on three non-
consecutive days, randomly selected by the researchers. At least two week days and 
one weekend day were included, with a minimum of four days apart. If the collection 
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(24-hour recall and/or daily questionnaire) was not complete, an additional day was 
scheduled at the end of the research period. This gave athletes four opportunities to 
deliver at least two completed dietary assessments. Data was mainly collected during a 
conditioning training phase. 
Study population 
Dutch elite and sub-elite athletes were recruited based on their level of exercise and 
minimum average exercise duration of at least 9 hours a week. Participants were eligi-
ble for selection when they: 1). were granted an elite athlete status by the Dutch Olym-
pic Committee (NOC*NSF) and/ or; 2). had participated in a European or World Cham-
pionship; and/or 3). had proven to be top level in their discipline or age group on a 
national level. Elite athletes were first recruited by direct mailing through the Dutch 
Olympic Committee (NOC*NSF) and secondly by sports dieticians working with this 
group of athletes.  
Written informed consent to participate was provided by all participants. For partic-
ipants under the age of eighteen, informed consent was also obtained from their par-
ents or guardian. No incentive was given for participation in the study. The survey was 
conducted according to the Declaration of Helsinki, as revised in 1983, and approved by 
the Medical Ethics Committee of Wageningen University. 
24-hour recalls and questionnaires 
All athletes filled in three web-based 24-hour recalls using “Compl-eat™”, a program 
built by the Division of Human Nutrition of Wageningen University, except for  a small 
group of male soccer players (n=28) in whom four 24-hour recalls and questionnaires 
were conducted face to face by a trained dietician who exactly followed  the web-based 
program. The Compl-eat™ program, based on the USDA five-step multiple-pass meth-
od19 included a wide selection of foods commonly used in a Dutch food pattern20 but no 
dietary supplements or sport nutrition products, which were therefore questioned 
separately with a web-based questionnaire.  
The web-based questionnaire regarding training load (total minutes of exercise per day) 
and nutritional supplement use was filled out by the participants using the “Vitality portal” 
a web-based questionnaire module built by the HAN University of Applied Sciences.  
Nutritional supplements were categorised as dietary supplements (i.e. micronutri-
ents and essential fatty acids), sport nutrition products (i.e. carbohydrate and protein 
based products) and ergogenic supplements (for example creatine, beta-alanine and 
other products with ergogenic claims). Based on the question: “Did you use any dietary 
supplements, sport nutrition products or ergogenic supplements yesterday?” athletes 
were asked to provide details about all supplements they had used during the previous 
day. They were able to select products and dosages out of a pre-specified list of more 
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than 3400 dietary supplements based on the Dutch database of dietary Supplements 
(NES)21 and additional sports specific dietary supplements and sport nutrition products. 
If a specific brand or product was missing athletes were able to add this as a new prod-
uct to the list. For each product that the athlete added , the specific brand, amount and 
unit (dosage) was questioned. Based on this input, macronutrient composition and 
energy content was calculated by using the NES database.  
Since response rates based on this questionnaire were considered too low, from 
2013 onwards they were completed via telephone interview by a trained dietician who 
followed the same steps as the original web-based questionnaire. Trained dieticians 
checked all web-based 24-hour recalls and questionnaires for their completeness and 
unusual portion sizes, and processed all notes made by the participants. If information 
on foods was missing, this was retrieved by contacting subjects. Adjustment of missing 
data, errors and relevant notes were made in a standardised way using standard por-
tion sizes and recipes according to a protocol.22 We were able to retrieve the composi-
tion of almost all (>99%) added dietary supplements and sport nutrition products used 
based on label information given by manufacturers. If not, a product with a similar nu-
tritional composition was selected. 
Combining 24-hour recalls and questionnaires 
Data analysis was separated to calculate both macro-nutrient and micro-nutrient intake 
to fully address both parts of dietary intake. Therefore micronutrient intake of this pop-
ulation will be addressed in chapter 3b of this thesis.  
Reported food consumption was converted into energy and macronutrient intake 
using the Dutch food composition database of 2010 (Stichting NEVO, 2010), the Dutch 
database for dietary Supplements (NES), and ingredient declarations of individual foods. 
After combining results of both the 24 hour recall and questionnaire per person per day 
energy (MJ and kcal) and macronutrient intake (g/d, g/kg/bw and en%) were calculated.  
Statistical analyses 
Statistical analysis (SPPS version 23) was carried out in participants with at least 2 day 
dietary assessments. Results were checked for normal distribution using histograms for 
curve, skewness and kurtosis. No log transformation was needed. The intake distribu-
tion was adjusted for day to day variation using the formula SDcorrected = SDobserved * √ ric, 
where ric is the intra class correlation coefficient (ᵖ=ᵟs
2/ ᵟs
2 + ᵟe
2). Mean ± SDcorrected of 
dietary intake was reported for the different subgroups. Within and between subject 
coefficients of variation ( CVW and CVb) for energy and macronutrients were similar to 
those earlier found.22, 23 Precision of the mean estimate (Dt) were below 12.5% for all 
macronutrients.24 
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One-way ANOVA was performed to determine the difference within gender for en-
ergy, macronutrients, dietary fibre, and fluid intake. Statistical significance was set at 
P≤0.05 and the main effect was subsequently analyzed using a Bonferroni corrected 
post-hoc test.  
The proportion (%) of athletes at risk of inadequate intake was estimated using the 
probability approach. The probability approach accounts for the probability of inadequacy 
P(ri) for each individual, and the distribution of the nutrient intake (exposure) i.e. the 
probability of exposure P(xi) for each level of exposure. The P(ri) is obtained by filling in the 
z-scores (zi) for the usual intake minus the EAR or sport nutrition recommendation, divid-
ed by the SD of the requirement, e.g. (xi - EAR)/Sdreq). The P(xi) is provided by the frequen-
cy distribution of nutrient intake of the population assuming a normal distribution. The 
prevalence of inadequacy is than calculated as Pinadequacy = ∑P(x) * P(ri). The estimated 
average requirements (EAR) used were 0.6 g/kg/bw for protein and 2.9 g/kg/bw for car-
bohydrate.3 Furthermore, the generally accepted  sport nutrition recommendation for 
protein of 1.2 g/kg/bw23 and for carbohydrates of 5.0 g/kg/bw were considered.5   
The ratio  of calculated energy intake/BMR using Schofield’s formula, 24 may be referred 
to as the food intake level (FIL) value. Compared with the physical activity level (PAL) 
the ratio FIL/PAL should equal 1.0 if there is no bias in estimation of the energy intake. 
We used a lower limit Physical Activity Level (PAL) of 1.55 as was previously done in our 
validation study.25 
Results 
A total of 759 Dutch elite and sub-elite competitive athletes fulfilled the inclusion crite-
ria and were included in the study. Due to incomplete 24-h dietary recalls or dietary 
questionnaires, 206 athletes were excluded, and only data of the remaining 553 ath-
letes were analyzed (Table 1). Athletes held an elite athlete status of the Dutch Olympic 
Committee (NOC*NSF) (n=195); or  had participated in a European League (soccer) or 
European/World Championship (n=60); or  had proven to be top level in their discipline 
or age group on a (inter)national level (n=298).  The study population consisted of both 
male (59%) and female (41%) athletes representing 20 different sports. They were 
mostly young-adult elite athletes (mean ± SD: 20.5 ± 4.5 y for men and 20.7 ± 5.4 y for 
women). Athletes were categorized in three disciplines, i.e. endurance, team and 
strength sports. On average, strength athletes reported the highest number of training 
hours, followed by endurance athletes and lowest  for team athletes in both men and 
women (see Table 1). Participants reported on average 2.83 days per person, 2.89 days 
for men and 2.75 days for women. 
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Energy intake  
For men, as shown in Table 2, mean estimated energy intake including nutritional sup-
plements ranged between 2561-2994 kcal per day. For women mean energy intake 
ranged between 1997 and 2457 kcal per day (Table 3). The inclusion of nutritional sup-
plements to the basic dietary intake added on average ~70 kcal to the energy intake of 
both men and women. This mean difference between including or excluding nutritional 
supplements was small but significant for both men and women within all sports cate-
gories (P<0.01).  
For men, median food intake level (FIL) values, as an indicator of misreporting, was 
1.60 for endurance athletes, which was above the estimated minimum cut-off limit for 
PAL of 1.55. However, both team and strength male athletes reported below this level 
(FIL of 1.4). For women, median FIL values of the endurance athletes (1.57) was also 
above a PAL of 1.55, but both team (1.31) and strength athletes (1.39) scored below 
this cut-off limit. 
Differences between endurance, team, and strength athletes  
In the group of male athletes  endurance athletes reported a significantly higher level of 
intake of energy and all macronutrients compared to  team sports athletes (Table 2). 
Strength athletes consumed higher amounts of protein and dietary fibre than athletes 
active in team sports. No differences were seen between endurance and strength athletes.  
Similar as in men, female endurance athletes reported a significantly  higher intake 
of energy and macronutrients compared to team sports athletes, but female endurance 
athletes also consumed more energy, carbohydrate and fibre than strength athletes 
(Table 3). In females no differences were seen between team and strength athletes. 
With regard to the contribution of macronutrients to total energy intake (en%) no 
differences were seen for carbohydrate and fat between sport disciplines in both men 
and women (Tables 2 and 3). In females the contribution of protein to total energy was 
higher in both strength (18.4 en%) and team sports athletes (17.8 en%) compared to 
endurance athletes (16.4 en%) , while in men only strength athletes and endurance 
athletes significantly differed: 18.0 and 16.1 En% protein intake respectively (Table 2). 
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Differences, for both men and women, were also seen when carbohydrate and protein 
intake were expressed as g/kg/bw (Table 4). In men, endurance and team athletes con-
sumed more carbohydrates than strength athletes, while in women, the endurance 
athletes consumed more carbohydrates than both strength and team athletes, with no 
differences in carbohydrate intake between strength and team athletes. 
In women, team athletes consumed less protein per kg bodyweight than endurance 
and strength athletes (Table 5); in men, no differences were seen. 
Carbohydrate and protein intake as compared to reference values  
When sport nutrition products were included in the analysis not all athletes met the 
EAR for carbohydrate (2.9 g/kg/bw). For men prevalences of intake below the EAR were 
5.5%, 8.0% and 13.6% for endurance, team and strength athletes respectively. For 
women higher prevalences of low intake were seen of 6.1%, 26.0% and 17.4% for en-
durance, team and strength athletes, respectively. When carbohydrate intake was com-
pared with a moderate sports nutrition recommendation of 5 g carbohydrate per kg/bw 
per day (Table 4), the prevalence of inadequacy for carbohydrates among men was 
48.3% for endurance athletes, compared to 50.5% for team athletes and 96.2% for 
strength athletes. In women, the prevalence of inadequate intake of carbohydrates was 
54.4% for endurance sports, 80.5% for team sports and 73.0% for strength sports when 
compared to the sports nutrition recommendation of 5 g/kg/bw per day. Including sport 
nutrition products in the analysis resulted in somewhat lower prevalences of intake 
below the recommendations. 
For protein, our results confirmed that all athletes (>98%) met the estimated aver-
age requirement (EAR) for protein (0.6 g/kg/bw) when sport nutrition products were 
included. When protein intake was compared with the sports nutrition recommenda-
tion about 20-30% prevalences of intakes below 1.2 g protein per kg/bw were seen in all 
disciplines for both men and women (Table 5). The only exception was the female team 
athletes group ,showing a prevalence of inadequate intake of 41.8% even when nutri-
tional supplements were included. 
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Discussion 
This study provides a good insight into the nutritional intake of a unique, large cohort of 
elite and sub-elite athletes (n=553, 327 men and 226 women) practicing a wide varia-
tion of sports. Small differences were found in mean energy and macronutrient intake 
between athletes practising different sports disciplines. In general, intake of energy, 
CHO and protein was higher in endurance athletes compared to team athletes and to 
some extent also to strength athletes. Almost all athletes met the EAR for protein, but a 
substantial number of athletes (20-30%) reported carbohydrate intakes below the EAR. 
Except for female team athletes, all other disciplines reported a protein intake of ~20% 
below the generally accepted sport nutrition recommendation of 1.2 g protein per kilo-
gram bodyweight per day. Additionally more than half of the athletes did not reach the 
generally accepted sport nutrition recommendation for carbohydrate intake of 5.0 g per 
kilogram bodyweight per day.  
Regarding carbohydrate intake of athletes, recent literature data are scarce and 
they give a diverse picture. Moreover the number of large surveys comparing dietary 
intake and adequacy in different sports disciplines is limited.16, 17, 26-28 Of these, only two 
recent studies categorized athletes in a manner comparable to our study.16, 17 In line 
with our data, both studies reported higher carbohydrate intake levels for endurance 
athletes compared to other types of athletes. However, absolute levels, as reported by 
Burke et al.16 for  endurance athletes were higher (6.8 g/kg, mix of men and women) in 
comparison to the 5.2 and 5.0 g/kg for men and women that we observed. At the same 
time, some other studies reported more or less equal levels for carbohydrate to those 
in our study.10-12 Although differences in dietary intake between subgroups of athletes 
were small in the present study, absolute amounts of intakes especially of carbohydrate 
intake were higher in endurance athletes. Despite higher carbohydrate intake in endur-
ance athletes, it can be questioned whether endurance athletes meet their personal 
requirements. It can be expected that as a result of the total amount of training hours 
the requirement of endurance athletes is substantial higher than for example in team or 
strength athletes. Despite the fact that most athletes do not meet the sport nutrition 
recommendation of 5g/kg/bw, team and strength athletes may be closer to meeting 
their personal carbohydrate needs than endurance athletes. 
Our finding that carbohydrate intake levels were lower than expected, and lower 
than previously reported in literature,16, 17 deserves some attention. The large number 
of participants practicing different sports and the fact that we collected data for on 
average 2.83 reporting days in our view resulted in a representative picture of this pop-
ulation. Also, information on daily variation in intake can  be extracted from our data. 
Our results suggest that peaks in carbohydrate intake on individual days were limited in 
most of our athletes. We expected athletes to differentiate in carbohydrate intake re-
sulting low, moderate and high intakes as part of the data collected but high single daily 
carbohydrate intakes above 8 g/kg per athlete were exceptional (<6% of all days col-
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lected). However, some degree of underreporting may have affected our data. The 
combined method of web-based 24-hour recalls and questionnaires was previously 
validated by our research group in a sub-sample of this population.25 Based on this 
study it was concluded that the method was suitable for the ranking of athletes to their 
intake (r=0.65 [95%CI: 0.45-0.79]) with an acceptable amount of underreporting of 
25.5%.25 To further investigate this possibility of under-reporting in the current popula-
tion we compared the food intake level (FIL) to the, estimated lower limit PAL for this 
population of around 1.55; equal to our previous published validation study.25 The me-
dian FIL found in the present study was 1.53 for men and 1.43 for women which indi-
cates possible energy under-reporting as in line with our previously reported validation 
study (FIL of 1.52).25 These median FIL values were improved by the higher FIL values of 
endurance athletes, as other categories for both men and women reported much lower 
values. The relative higher under-reporting by team and strength athletes in compari-
son to endurance athletes may have affected our results. If we assume that nutrient 
intake was not biased by selective under-reporting and that their energy requirements 
were more or less comparable, we can estimate the degree of under-reporting for CHO 
and PRO to be equal to energy under-reporting. If this is taken into account, our data 
indicate that no differences in mean are present between sport disciplines, for both 
men and women. Confirming the idea that due to advancing insights into training 
methods, resulting in mixed training programs, i.e. including both endurance and 
strength training, especially in high level athletes, differences in dietary intake between 
sport disciplines are, in practice, not present. 
Finally, the inclusion of athletes and the way they were classified into endurance, 
team and strength sports could be discussed. As study participation was voluntary the 
number of strength athletes taking part in the study was less than of the other catego-
ries in both men and women. Also, the strength athletes included in the study do not 
represent the full scope of strength sports. The participating  strength athletes mostly 
performed sports that required speed in combination with strength or static strength. 
Therefore the generalizability of the results, especially in relation to strength athletes, 
should be done with care.  
Although the contribution of carbohydrate to total energy intake was >50 energy % 
in all sports disciplines, the absolute carbohydrate intake was still not very high in our 
population even if possible under-reporting is taken into account. These findings raise 
the important question whether CHO intake levels are actually sub-optimal in the light 
of current recommendations. In our population, a basic diet was the main source  of 
carbohydrates as intake through sport nutrition products was limited. From a physiolog-
ical perspective, it seems advantageous to consume over 5-10 grams of carbohydrates 
per kg of body weight for most of these athletes. Especially athletes exercising >90 min 
a day or performing intermittent exercise benefit from sufficient carbohydrate intake. 
These carbohydrates from the diet are mainly used to restore muscle and liver glycogen 
enhancing recovery between (multiple) training sessions or competitive events.5 From 
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this it could be concluded that their carbohydrate intake needs to be improved.29 How-
ever, whether a low carbohydrate intake, both basal and during exercise, negatively 
affects direct and long term athletic performance is currently under debate.30, 31  
The question is raised whether athletes, for example involved in prolonged sub max-
imal exercise, should always consume a high carbohydrate diet.30 Moreover, it has been 
proposed that athletes can adapt to lower muscle glycogen stores.32 This can be already 
achieved with moderate carbohydrate intake (3-5 g/kg per day, such that it does not 
necessarily impair training or competition outcomes.32 If this is the case, athletes with a 
moderate carbohydrate intake in the present study, are not necessarily at risk of im-
paired performance capacity. On the other hand as daily carbohydrate intake is not 
static, a low to moderate average carbohydrate intake is still giving the ability to con-
sume high amounts of carbohydrate, tailored according to fuel cost of training load and 
carbohydrate requirements, when needed.5  
Reported protein intake in our athletes was comparable to previously reported data 
from Burke et al. (2003),16 and slightly lower than those reported by De Sousa et al 
(2008).17 It remains difficult to compare the quality of protein intake relative to recom-
mendations with previous reports, due to the fact that different recommendations, 
between 1.2 up to 1.4 or 1.5 g/kg, were used.10, 12 Although some differences were seen 
for protein intake between sport disciplines in our study, most athletes (~70%) had a 
daily protein intake above 1.2 g/kg.  As recommendations were mostly met, the ob-
served differences between groups of athletes may be of less relevance. It is worth 
mentioning that the average protein intake of the general Dutch population is already 
relatively high (~1.0 and ~1.3 g/kg for females and males in the age of 19-30 years re-
spectively) which probably mainly underlie  our observation.33 Although the absolute 
protein intake seems sufficient in most athletes, a substantial sample of the athletes did 
not meet this recommendation. Further it is possible that protein timing over the day 
needs further attention in all athletes to optimize adaptation and muscle protein syn-
thesis.(Gillen et al. accepted September 2016) 
In conclusion, only small differences exist in mean energy and macronutrient intake 
between elite endurance, strength and team sports athletes. Confirming the idea that 
due to advancing insights into training methods, resulting in mixed training programs, 
differences in dietary intake between sport disciplines are, in practice, not present. 
Furthermore, the majority of the athletes was able to meet the generally accepted 
protein recommendation for athletes of 1.2 g/kg/bw, but carbohydrate intake was low 
to moderate in most athletes, between 3-5 g/kg/bw. Considering  the existing consen-
sus on sport nutrition carbohydrate recommendations, i.e. ~5 g/kg/bw per day, our data 
suggest that  a substantial part of athletes across all disciplines should either improve 
their carbohydrate intake to meet recommendations, or that re-evaluation of average 
carbohydrate needs and related recommendations is merited. 
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Abstract 
Aim: To investigate whether athletes meet micronutrient recommendations and 
whether the adequacy of their intake is related to the use of dietary supplements, sport 
nutrition products or a combination of both. This is of importance since a micronutrient 
intake which is either too low or too high can affect  the athletes’ health and perfor-
mance, especially when this is maintained for a prolonged period of time. 
Methods: Micronutrient intakes of 553 Dutch well-trained (sub-) elite athletes was as-
sessed using web-based 24-hour recalls with accompanying nutritional supplement 
questionnaires. Differences in intakes between users, i.e. users of dietary supplements 
(DS), sport nutrition products (SNP) or a combination of both (DS+SNP), and non-users 
were tested using non-parametric tests. The inadequacy of the diet was evaluated by 
estimating the prevalence of athletes below the estimated average requirement (AR) or 
above the Upper Level (UL). 
Results: In the majority of both users and non-users vitamin D intake was below AR if 
supplements were not included in the analysis. Including DS improved vitamin D intake, 
but still a substantial part of the athletes, both men and women, reported an intake 
below the AR. Non-users of supplements were particularly at risk for low intakes of 
vitamin B1, B2 and vitamin A. They also reported low intakes of vitamin B3, vitamin C 
and selenium. As the use of sport nutrition products contributed slightly to micronutri-
ent intake, users of SNP were also at risk for low intakes of vitamin B1, B2 and vitamin A. 
Mean iron intake was reported below the AR in a substantial group of women both 
users and non-users. A small prevalence of athletes using dietary supplements showed 
intakes of some micronutrients above the UL, especially for vitamin B3.  
Conclusions: Both users and non-users of nutritional supplements reported inadequate 
intake of micronutrients, in particular vitamin D. For most micronutrients, use of nutri-
tional supplements does not completely compensate for intakes below AR. Intakes 
above the UL were only reported by a few athletes.  
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Introduction 
Low micronutrient intake in athletes can result in deficiencies affecting health and per-
formance, in particular when this occurs for longer periods of time.1 Some studies re-
port that many athletes would not meet micronutrient recommendations,2-5 whereas 
others conclude the opposite.1, 6 Shifts and variations in food patterns over time,7, 8 
increased availability of nutritional supplements,9 and changing viewpoints regarding 
requirements10, 11 merit regular monitoring of dietary intake by athletes. At the same 
time, rapid developments in assessment tools, such as web-based approaches, make it 
easier to gain insight in the intake of large groups of athletes.12, 13 
 No consensus exists on whether micronutrient requirements are different in ath-
letes as compared to the general population.14, 15 In practice, athletes are nowadays 
often advised to meet the general recommended dietary reference intakes (DRI) for all 
micronutrients, while paying special attention to optimal intake of iron, vitamin D and 
calcium, and of antioxidants.16 There seems to be less attention for the intake of B-
vitamins.16 Theoretically, exercise could increase the need for this group of micronutri-
ents.14 However, if energy expenditure increases, food intake increases as well, which 
also results in a higher vitamin B intake. Unfortunately this is not necessarily the case, in 
particular when athletes make poor dietary choices, resulting in lower micronutrient 
intake than expected14 because of a low micronutrient density of the diet.5, 6, 17  
Nutritional supplements are frequently used by athletes,18 although use can be ir-
regular and varying over time.19 For sports purposes, nutritional supplements can be 
classified as dietary supplements, sport nutrition products and ergogenic supplements. 
Dietary supplements mainly comprise micronutrient supplements such as vitamins and 
minerals. These supplements may promote the athletes’ general health through the 
prevention and treatment of nutrient deficiencies. Sport nutrition products mainly con-
tain macronutrients, such as carbohydrates and protein, but can also contain micronu-
trients. These sport nutrition products include, but are not limited to, sports drinks, 
recovery drinks, and sports bars. Finally, the category of ergogenic supplements, such as 
creatine and caffeine may contain additional micronutrients although these products 
are also available as single bioactive substance products.20 Therefore, nutritional sup-
plements can be an  important source of micronutrient intake. 
Even though many athletes use multiple nutritional supplements at a time, this does 
not necessarily guarantee adequate habitual dietary intake of micronutrients at an 
individual level.7 In addition, case reports have shown that some athletes consume very 
high doses of certain micronutrients exceeding the save upper level (UL), possibly re-
sulting in reduced health and performance.21 Examples of frequently reported highly 
dosed micronutrient supplements used by individual athletes are antioxidants (i.e. vit-
amin C and E),22 vitamin D, iron and magnesium.20 Further, practice experience and 
anecdotal reports suggest a substantial use of high doses of vitamin B6 among athletes.     
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In the present study we aimed to evaluate the adequacy of micronutrient intake of 
Dutch elite athletes, using a web-based 24-hour recall method with accompanying nu-
tritional supplement questionnaires. In addition, we aimed to assess the effect of nutri-
tional supplements use on micronutrient intake, by making a comparison between both 
users and non-users of dietary supplements, sport nutrition products or a combination 
of both. Ultimately this should lead to better identification of athlete groups at risk of 
inadequate micronutrient intake, either too low or too high. 
Methods 
The study was performed between February 2012 and June 2015 as described in chap-
ter 3a. A total of n=759 elite and sub-elite athletes were approached to participate in 
this study and to deliver three or four unannounced web-based, 24-hour dietary recalls 
and questionnaires, preferably during a conditioning training phase. Written informed 
consent to participate was provided by all contacted, and for participants under the age 
of eighteen these documents were signed by their parents or guardian. No incentive 
was given for participation in the study. The survey was approved by the Medical Ethics 
Committee of Wageningen University. 
24-hour recalls and questionnaires 
The web-based 24-hour recalls, based on the USDA five-step multiple-pass method,23, 24 
were collected with “Compl-eat™”, a program built by the Division of Human Nutrition, 
Wageningen University. The web-based questionnaire, that was linked to the 24-hour 
recall of a specific day, was collected with the “Vitality portal”, a web-based question-
naire module built by the HAN University of Applied Sciences. This questionnaire re-
garding training load (total minutes of exercise per day) and nutritional supplement use 
was filled out  by the participants, or by a trained sports dietician during a face to face 
or telephonic interview. Nutritional supplements were defined as dietary supplements 
(i.e. micronutrients and essential fatty acids), sport nutrition products (i.e. carbohydrate 
and protein based products) or ergogenic supplements (for example creatine, b-alanine 
and other products with ergogenic claims).20 For this study all products containing mi-
cronutrients, classified as dietary supplements (including ergogenic supplements) and 
sport nutrition products, were included in the analysis. 
Two trained dieticians checked all web-based 24-hour recalls and questionnaires for 
their completeness and unusual portion sizes, and processed all notes made by the 
participants. If information on foods or nutritional supplements was missing, this was 
retrieved by contacting subjects. Adjustments for missing data and errors and dealing 
with relevant notes were done in a uniform way, using standard portion sizes and reci-
pes according to a protocol.25 Conversion of reported food consumption into energy 
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and micronutrient intake was done using the Dutch food composition database of 2010 
(Stichting NEVO, 2010), the Dutch database for dietary Supplements (NES), and individ-
ual product ingredient declarations. Results of the 24 hour recall and questionnaires 
were combined to calculate total energy (MJ) and micronutrient intake (mg or µg).  
Statistical analyses 
The statistical analysis included data of all athletes handing in at least two complete 
datasets using the statistical software program SPSS (version 23). Prevalence of nutri-
tional supplement use was reported as a percentage (%). Energy intake and micronutri-
ent intake was reported as mean ± SD. Data was presented separately for men and 
women, for each of the four subgroups: non-users of nutritional supplements (‘non-
users’) , users of dietary supplements (DS), users of sport nutrition products (SNP) and 
users of a combination of both (DS+SNP). 
Intake data was checked for normal distribution, by visual inspection of histograms 
and based on skewness and kurtosis. The intake distribution was adjusted for day to day 
variation using the following formula SDcorrected = SDobserved * √ ric where ric is the intra 
class correlation coefficient (ᵖ=ᵟs
2/ ᵟs
2 + ᵟe
2). Precision of the mean estimate (Dt) of basal 
nutrition intake was acceptable around 10% for most micronutrients and mostly below 
20%.24 Exceptions were seen only for vitamin A in women reporting SNP (22.6%) and 
DS+SNP (23.9%), for vitamin D in women reporting DS+SNP (26.4%) and for selenium in 
women reporting DS (28.7%). The ratio  of calculated energy intake/BMR using 
Schofield’s formula, 26 may be referred to as the food intake level (FIL) value and was 
used to evaluate possible underreporting.13  
The software program PC-SIDE (version 1.0), developed by the Department of Statis-
tics and Center for Agricultural and Rural Development (CARD) at Iowa State University, 
was used to estimate distribution of usual intake.27 This distribution was compared with 
the estimated average requirement (AR) based on Nordic Nutrition Recommendations11 
using the cut-off approach.28 As for magnesium only the Adequate Intake (AI) was avail-
able,11 75% of the AI was used as an estimator of average requirement.  
The prevalence (%) of athletes with an actual micronutrient intake above the upper 
limit (UL)11 was calculated within each subgroup for all individuals using nutritional 
supplements.  
Differences within and between subgroups for each gender were analysed using 
Wilcoxon-signed-rank-test, Kruskall-Wallis and Mann-Whitney-U-test using a Monte 
Carlo approach. Statistical significance was set at P≤ 0.05, no additional corrections 
were done for type II errors. 
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Results 
A substantial part of the athletes (n=206) provided incomplete dietary information, i.e. 
less than 2 complete days. As a consequence, in total 553 athletes, both men (59%) and 
women (41%), were included in the final analysis of this study. They recorded an aver-
age of 2.83 days by 24-hour recalls and accompanying nutritional supplement intake 
questionnaires per person (Table 1). In total, 22.1% of the participants provided com-
plete information on dietary intake of 2 days, 72.5% of 3 days, and 5.4% of 4 days. For 
men and women respectively, 157 and 83 participants were classified as endurance 
athletes, 138 and 104 participants as team sports athletes, and 32 and 39 participants 
as strength athletes as described in Chapter 3a. Mean age of the men was 23.5±11.5 y 
and of the women 22.0±7.6 y, and mean exercise time was 93.5±61.3 minutes per day. 
Reported energy intake was on average 11.7±3.2 MJ for men and 9.1±2.5 MJ for wom-
en. Mean food intake level (FIL) values, as an indicator of the quality of energy report-
ing, were slightly higher for men (mean ± SD: 1.55±0.39) than for women (1.50±0.42). 
Non-users of DS and SNP were mainly younger athletes in comparison to other catego-
ries and particular users of DS+SNP were the oldest and reported the highest exercise 
load. 
Of the total group of athletes, 61.8% reported the use of one or more nutritional 
supplements; 65% in men, and 56% in women . The use of DS alone was slightly lower in 
men (20%) than women (24%), while the use of SNP’s alone was more frequently re-
ported by men (24%) than women (17%), as was the combined use  of DS+SNP (men: 
21%, women:15%). 
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Basal diet intake  
For men micronutrient intake from the basal diet, i.e. excluding nutritional supple-
ments, was in most cases lower in non-users than in all subgroups of users (Table 2, p< 
0.05). In women this difference was less pronounced except for the users of DS+SNP, 
who  reported higher mean intakes than non-users, DS users and SNP users (p <0.05). 
Nutrient density of basal dietary intake excluding supplements (not shown) did not 
differ for most micronutrients between users or non-users of nutritional supplements. 
The only exceptions were a higher nutrient density for vitamin B11, vitamin E, magnesi-
um, iron and copper in men, and magnesium in women in the subgroups classified as 
DS users versus non-users (p≤0.05).  
Total micronutrient intake  
When nutritional supplements were included, users of DS and DS+SNP reported a high-
er total intake of all micronutrients as compared to the basal diet for both men and 
women (p≤0.05). For SNP users (both men and women) the same trend was seen, ex-
cept for vitamin A, vitamin D, iron, copper, selenium and zinc, which values did not 
differ with the basal diet after including SNP’s in the calculation (P>0.05). 
Differences in mean intake existed between subgroups for almost all nutrients. In-
take for most micronutrients was higher in users of DS and DS+SNP than in non-users 
and users of SNP’s in both men and women (P≤0.05). In men, users of SNP’s also re-
ported higher intake of most nutrients than non-users (P≤0.05), except for vitamin A 
and D. Women using SNP’s only reported higher intakes than non-users for vitamin B2, 
B3, B6, folate equivalents and selenium (P≤0.05). 
Adequacy of micronutrient intake of the basal diet 
Almost all athletes (>85%), both men and women, were not able to meet the AR of 
vitamin D. The basal diet was also low for vitamin A (20-48%) and vitamin B1 (18-40%)  
for both men and women. Also the intake of vitamin B2 was below the AR in some of 
the athletes, mainly in non-users and users of SNP in men and women (with prevalences 
of low intakes varying between12-17%), except for men using DS+SNP, who showed 
only a prevalence of  low intakes of 4%. In general, non-users had the highest preva-
lence of micronutrient intakes below the AR. They showed low intakes of folate equiva-
lents and selenium in both men (15% and 11% respectively and women (25 and 11% 
respectively) and low intakes of vitamin C in men (11%). In addition, the basal diet of 
women, but not of men, showed within all subgroups of users and non-users, preva-
lences below the AR for iron. However, the overall athletes’ basal diet was providing 
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sufficient amounts of vitamin B3, vitamin B12, vitamin E, calcium, phosphorus, magne-
sium, copper and zinc.   
Adequacy of total micronutrient intake including nutritional supplements  
If nutritional supplements were included in the analyses, vitamin D intake of DS and 
DS+SNP users improved. The contribution of dietary supplements reduced the preva-
lence of athletes below the AR of vitamin D, but still low intakes were seen in 43% and 
28% of the men and 19% and 35% of the women for DS or DS+SNP, respectively. Addi-
tionally the use of DS improved intakes of vitamin B1, B2, folate equivalents and vitamin 
A ,and ensured that most intakes exceeded AR. When the use of DS was included in the 
analysis, iron intake improved in DS-users. Women using DS+SNP showed no prevalence 
of intakes below the AR for iron whereas 9% of women reporting only DS still showed 
an iron  intake below AR. In general no beneficial effect on micronutrient intake was 
seen because of using SNP’s. Except in women using SNP’s, the prevalence of women 
meeting AR for vitamin B1 and vitamin A improved.  
Micronutrient intake exceeding UL 
If the defined upper level (UL) was available for a specific micronutrient this was shown 
in Table 4. The high exceedance of the UL for phosphorus in men was the result of a 
high intake from the basal diet. The prevalence of athletes with a micronutrient intake 
above the UL based on the basal diet without supplements (non-users and users of 
nutritional supplements excluding supplements) was in all other cases negligible.  
The micronutrient intake of male users of nutritional supplements exceeded the UL 
for vitamin B3, in 22% and 16% using DS or DS and SNP, respectively. Of the women 
17% and 34% of users of DS or DS and SNP were reporting above the UL for vitamin B3. 
In addition, the prevalences of high intakes of vitamin B6 (exceeding UL with 9% and 
11% for DS or DS and SNP users) and vitamin A (exceeding UL with 8% and 17%) in 
women is worth mentioning. All other prevalences of micronutrients exceeding UL were 
≤4% in both men and women.  
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Discussion 
In this survey among 553 elite and sub-elite Dutch athletes, it was shown that the basal 
diet alone often did not provide enough micronutrients to ensure adequate intake lev-
els. However, when DS were included in our analyses, we saw significant differences in 
micronutrient intake between users and non-users of dietary supplements. Our  study 
also revealed that vitamin D intake was a problem in all athletes. In addition, non-users 
of supplements were particularly at risk for a low intake of vitamin B1, B2 and vitamin A. 
They also reported a low intake of vitamin B3, vitamin C and selenium, but this was less 
pronounced. As the use of SNP’s hardly contributed to micronutrient intake, athletes 
using SNP only and no DS were also at risk for a low intake of vitamin B1, B2 and vitamin 
A. Iron intake was reported below the AR in female athletes only, but when dietary 
supplements were taken into account this appeared to be compensated. Micronutrient 
intake above the upper limit (UL) was only observed in those using DS, especially in case 
of vitamin B3.  
Micronutrient intake 
The majority of the athletes (62%) involved in our study was using one or more dietary 
supplements, sport nutrition products or a combination of both, which is in line with a 
recently published meta-analysis.29 On the other hand, DS and (or) SNP’s were not con-
sistently used in the current study, and not by all athletes. Micronutrient intake from 
dietary supplements and sport nutrition products varied largely between days, resulting 
in a relatively low average contribution to the total micronutrient intake. Nevertheless, 
reported micronutrient intake was substantial higher in athletes using supplements 
compared to those not using these products, which is in line with previously published 
data for the general Dutch population.30  
Remarkably, when nutritional supplements were not taken into account in the anal-
ysis, the intake of most micronutrients was still higher in users than in non-users. This 
difference in intake from the basal diet between users and non-users of dietary sup-
plements and sport nutrition products may be a result of the higher total energy intake 
reported by users, because micronutrient intake correlates directly to energy intake for 
most micronutrients.7 This matches with the higher exercise load reported by supple-
ment users as compared to their non-using counterparts, and the fact that nutrient 
density in the basal diet was not substantially different between subgroups.  
The current study did not reveal problems regarding vitamin B6 and B12, vitamin C 
and E, most minerals and trace elements as suggested by other studies.1, 5, 6, 31 This may 
be the result of a relatively high dairy and grain intake, which is common in the Nether-
lands.8  
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Vitamin D, iron and B vitamins 
In all subcategories, the intake of vitamin D via the basal diet was below the AR of 7.5 
µg. Basal vitamin D intake was comparable to that of the Dutch general population.8 
However, it was lower than previously reported for other groups of athletes,3-5, 7 mainly 
because of the low consumption of vitamin D containing foods as butter and/or marga-
rine and of fatty fish in our population. An adequate vitamin D status in a young healthy 
population is associated with improved bone health and muscle strength and 
function.11, 32 Regarding to bone mineral density, although low vitamin D intakes were 
seen, the calcium intake was above the AR and exceptionally low energy intakes were 
not seen in the present study. 16 In most people, vitamin D status throughout the year is 
mainly determined by seasonal exposure to sunlight in combination with vitamin D 
intake with the diet. When the use of vitamin D containing dietary supplements was 
included in the analysis, a substantial improvement of vitamin D intake was seen. Unfor-
tunately, we did not assess vitamin D status itself in our population. Therefore we can 
only speculate on the effect of the dietary intake of vitamin D on blood status. It was 
previously shown in a large group of Dutch athletes that they could be at risk for devel-
oping a low 25(OH)D status especially during winter months.33 Taking this into account, 
it should be advised to use a dietary supplement containing 2.5-5 μg vitamin D by all 
athletes in order to meet at least the suggested nutrition recommendations.  
Almost one third of the female athletes experienced difficulties to meet the AR for 
iron through their basal diet, which confirms earlier observations in athletes.5-7, 31 A low 
iron intake increases the risk for iron deficiency or anaemia in which the oxygen-binding 
part of haemoglobin plays an important role.11 The development of iron deficiency is 
related to a higher iron loss and/or need compared to what is replaced by dietary in-
take. In women, iron losses are generally higher through menstrual blood loss.34 On the 
other hand, female athletes can suffer from amenorrhoea as a result of the high volume 
of exercise which could (temporarily) reduce the need for iron in the diet.35 Athletes can 
also suffer from exercise induced haemolysis, due to mechanically induced damage to 
red blood cells, which results in a higher iron loss by the body.36 A low dietary iron in-
take in combination with exercise induced haemolysis does not necessary lead to iron 
deficiency (anaemia), as for example was seen in gymnasts.36 Anyway, the AR is sug-
gested as the lower minimal level that should be met by all athletes. Athletes should be 
advised to select proper sources of iron, both animal and plant-based sources and the 
use of a multivitamin and mineral supplement by women could add to dietary iron in-
take to meet recommendation. 
A substantial fraction of both non-users and users of only SNP’s reported an intake 
below the AR for vitamin B1 and B2 (thiamine and riboflavin, respectively) in both men 
and women and for folate equivalents in women. Theoretically, exercise increases the 
need for vitamin B1 and B2, as a result of a decreased absorption and (or) an increased 
turnover related to tissue maintenance and repair, metabolism or loss of nutrients, and  
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increased mitochondrial function requiring B vitamins as cofactor.14 It is generally as-
sumed that athletes with a poor thiamin and riboflavin status have a reduced ability to 
perform physical activity, especially performing maximal work.14 Previously, vitamin B1 
and B2 were not seen as a particular nutritional problem for the Dutch general popula-
tion based on an older study that reported higher energy intakes compared with the 
current study.7 Comparable prevalences for low intakes of folate were reported in 20-
25% of  Dutch women of the general population.8 The observed energy intake in the 
present study was not exceptionally high, resulting in lower B vitamin intake than rec-
ommended. Others also reported low intake of several B vitamins for both men and 
women,1, 5, 6, 31 except for vitamin B2.1, 5, 6, 31 However, subclinical vitamin B2 deficiencies 
were previously also identified in 20-25% of young soccer athletes, indicating inade-
quate vitamin B2 intakes.37 To cover the requirements of specific B vitamins, athletes 
should be encouraged to frequently select vitamin B1 rich foods (for example lean 
meat, legumes and whole grains) and vitamin B2 rich foods as eggs, lean meat and dairy 
products). The use of a low dosed multivitamin supplement containing both vitamin B1 
and B2 may be considered. 
Antioxidants 
Exercise is associated with increased oxidative stress.38-40 Notwithstanding the continu-
ing debate on the relation between their oral intake and the anti-oxidant status of the 
body, athletes are currently advised not to use anti-oxidant supplements as they could 
negatively influence protein signaling and adaptation in relation to oxidative stress. 38-40 
Although the bioactive anti-oxidative substances with the diet transcends the micronu-
trients included in this study, the basal dietary intake of vitamin C, vitamin E, selenium 
and zinc was in most cases above the AR in the present study. Only the basal intake of 
vitamin A, in this study reported as retinol activity equivalents (i.e. including b-
carotene,) was low in a substantial part of all athletes. Therefore, consuming a well-
chosen diet, rich in a large variety of fruits and vegetables containing b-carotene and 
retinol containing products, should be considered to optimize the antioxidant capacity 
of the diet.16, 41  
Micronutrients exceeding the UL 
The prevalence of micronutrient intake exceeding the UL based on dietary supplement 
use was very low, i.e. a prevalence of 1-4%, with the exception of users of dietary sup-
plements containing nicotinic acid (vitamin B3), vitamin B6 and (or) vitamin A. High 
vitamin B intakes, as a result of the use of dietary supplements, could lead to side ef-
fects like flushing, and to more severe health problems (vitamin B3)11 and neuropathy 
(vitamin B6).42. Although it was not reported frequently, a combined high vitamin D and 
retinol intake might affect sensitivity for retinol toxicity in subjects using both high sup-
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plemental doses of retinol and vitamin D11 even at a non-toxic dose of vitamin D.43 In 
the current study eighteen athletes reported an intake of vitamin B6 above the general-
ly accepted UL of 25 mg.44 Therefore, athletes should be advised to check their dietary 
supplements and avoid a combination of (highly dosed) nutritional supplements.  
The UL is defined to prevent toxicity due to excessive micronutrient consumption. 
However, high intake levels below the UL have been associated with attenuated training 
adaptation and performance. It has been suggested that supplementation of high doses 
of vitamin C and E, but below the UL, attenuates skeletal muscle adaptations and pro-
tein signaling.39, 45 A substantial number of athletes reported the use of high dosed 
vitamin C supplements (i.e. 1000 mg or higher) but no high doses of vitamin E were 
reported. Preferably athletes should maintain an appropriate vitamin C status by select-
ing a large variety of fruits and vegetables as at present no consensus exists on the 
effect of high doses vitamin C on redox signaling and the implications for exercise adap-
tations.22  
Strengths and limitations 
Inclusion of multiple non-consecutive reporting days per person46 and adjustment of 
dietary intake based on the method described by Nusser et al.27 resulted in a substantial 
correction for within-person variation, estimating habitual micronutrient intake instead 
of actual intake of a few days. Thanks to the use of a web-based approach for unan-
nounced 24-hour recalls and questionnaires, we were able to include a large population 
of elite and sub-elite athletes.  
All self-reporting methods are prone to misreporting and may not completely reflect 
true dietary intake.12, 47 However, based on low Dt we conclude that the effect of ran-
dom errors for most nutrients was low.48 We know that our method underestimates 
protein intake with 25%,13 and no clear differences were seen in that validation study 
between subgroups of athletes with respect to gender, BMI and use or non-use of nutri-
tional supplements.13 In the present study, differences in calculated FIL values were 
found between subgroups. The average FIL level  in non-users was lower than that in 
other groups. The FIL values of the non-users (both men and women) were on the low-
er end of the range of FIL values found in our validation study,13 indicating a possible 
higher underreporting. However, the non-users group was on average also younger, 
and reported the lowest exercise load in minutes per day. Thus the lower FIL could 
reflect, at least partly, a truly lower energy intake because of lower energy require-
ments .  
It is hard to assess to which extent micronutrient intake was underreported in our 
study. If we assume that micronutrient intake was not biased by selective underreport-
ing between groups, actual micronutrient intake was expected to be higher in all groups 
but also then intakes could be improved. On the other hand, when considering the use 
of dietary supplements, low intakes via the basal diet were mainly compensated. This 
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shows the relevance of using micronutrient containing dietary supplements in meeting 
recommendations.  
In conclusion, in this large athletic population, non-users as well as users of nutri-
tional supplements reported an inadequate intake of some micronutrients, in particular 
vitamin D, iron, vitamin B1, B2 and vitamin A. The additional use of dietary supplements 
in general improved intake levels, but this did not always completely compensate for 
intakes below the average requirement. Only a small proportion of athletes was at risk 
for chronic consumption of high doses of single micronutrients above UL, with vitamin 
B3 as the most pronounced example. Our study also shows that there is often still room 
for improvement of an athletes’ diet. Additionally, athletes should consider  the option 
of using a daily multivitamin supplement containing 50-100% of the RDA.  
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Abstract 
Aim: The objective of this study was to investigate whether ultramarathon runners were 
able to meet nutrition recommendations during a training period and on a competition 
day.  
Methods: In preparation for a 60 or 120 km ultramarathon covering a varied terrain, 
male and female ultramarathon runners (n=68, age 46.5±7.1 y) reported habitual die-
tary intake during three independent days using a web-based 24-hour recall and ques-
tionnaires. The diet was assessed using probability of inadequacy or by qualitative eval-
uation using reference dietary intakes or sports nutrition recommendations. A small 
group of 120 km runners (n=4) was observed continuously during the race. After the 
race, 60 km runners (n=41) received a questionnaire to assess dietary intake and gastro-
intestinal (GI) distress on the race day. Spearman rank correlation coefficients (r) were 
applied to investigate the association between intake and general GI distress symptoms.  
Results: In men and women, habitual mean carbohydrate (CHO) intake was lower than 
recommended, as was mean protein intake by women. CHO intake during the race was 
<60 g/h in 75% of the athletes. A large variation of nutrient and fluid intake was seen. GI 
distress during the race was reported in 82% of the runners; severe GI distress was low. 
In general, moderate, mostly negative, correlations with nutrient intake were seen for 
GI distress.  
Conclusions: Sports nutrition recommendations for the habitual diet were not achieved. 
During a competition day, a large variation was found in nutrient intake; this may be 
related to a high incidence of GI distress.  
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Introduction 
For athletes competing in ultra-endurance activities, adequate intake (AI) of energy and 
nutrients during training and competition is of particular relevance to ensure optimal 
performance and recovery and to minimize health risks. At the same time, this popula-
tion can have difficulties to meet nutrition recommendations during exercise because of 
a variety of reasons, in particular gastrointestinal (GI) distress.1, 2 
For endurance athletes, recommended amounts for the habitual diet can be sub-
stantial: up to 5–12 g of carbohydrate (CHO)/kg·bw (body weight) per day, depending 
on training load,3 and 1.2–1.7 g of protein/kg·bw per day.4 Some recent studies mention 
athletes meeting these recommendations. For example, Ono et al. (2012) describe 
soccer players with a mean CHO intake >7 g/kg·bw, 5 and Carlsohn et al. (2012) describe 
a mean intake of between 7.8 and 9.0 g/kg·bw by triathlon athletes.6 
In addition, specific recommendations are formulated for nutritional intake during 
and after training or competition.7 Although there is some evidence supporting protein 
intake during exercise,8 most of the consensus has been built on sufficient protein in-
take before or after exercise, aiming to maintain nitrogen balance by an intake of 0.15–
0.25 g of protein (PRO)/kg·bw.9 The recommended intake of carbohydrates during exer-
cise in intensive endurance sports lasting longer than 4 h currently ranges from 60 to 90 
g/h.3 However, a great deal of variation is seen in intake. For example, Pfeiffer et al. 
(2012) reported an intake of 35±26 g/h during a marathon,10 whereas Pfeiffer et al. 
(2009) describe runners during a 16 km run consuming 1.4 g/min of CHO, correspond-
ing to a CHO intake of 84 g/h.11 
GI distress during competition is frequently experienced by runners and other en-
durance athletes.10, 12 Such complaints have several causes, including the nutrient or 
fluid intake.2 GI distress, on the other hand, hampers the intake of adequate amounts of 
food during exercise. 
To evaluate whether ultra-endurance athletes are able to reach those recommenda-
tions, dietary intake was assessed in ultramarathon runners during their preparation 
phase as well as before and during a 60 or 120 km race. The first objective of this study 
was to investigate whether ultramarathon runners were able to meet sport-specific 
dietary recommendations during a training period and on a competition day. A second 
objective was to assess the prevalence of GI complaints during the race and dietary 
factors associated with this.  
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Methods 
Study design 
The study design consisted of three parts as shown in Figure 1. The first part was a sur-
vey of dietary intake 2 months before the race. The second part was a questionnaire 
about dietary intake on a race day and GI distress during the 60 km. The third part was a 
continuous observational study during the 120 km. The study was performed in accord-
ance with the Declaration of Helsinki and the survey was approved by the Medical Eth-
ics Committee of Wageningen University. Informed consent in writing was obtained 
from all participants. 
 
 
Figure 1. Study participant flow: after start of the survey 68 subjects with 2-3 complete datasets were includ-
ed. For the follow up with a questionnaire only runners of the 60 km were included. For the continuous 
observation only runners of the 120 km were included. 
Study population and race information 
Runners, both male and female, were recruited through a promotional email by the 
organization of the Texel ultramarathon. Inclusion criteria were: preparation for the 
Zestig van Texel (“Sixty of Texel”) race, age 16–70 years and ability to speak and under-
stand the Dutch language. 
The race took place on April 1, 2013, on the island of Texel, the Netherlands. The 
distance was 60 or 120 km on a varied track (woods, sand hills, beach, single trails and 
mainly flat small roads). A total of 530 athletes registered for the race (of which 31 
registered for 120 km). The average temperature on the day of the race was 2.2°C, 
humidity was 77% and average wind speed was 6.1 m/s (22.0 km/h).  
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Questionnaires on dietary intake and training load 
Three web-based programs were used to obtain data. Recalls of 24 hours were collect-
ed with “Compl-eatTM” (Wageningen University), which is based on the five-step multi-
ple-pass method, a validated technique to increase accuracy of dietary recalls.13 This 
program also allows participants to select, adapt or describe complete recipes by using 
household measures, standard portion sizes, weight in grams or volume in liters.14 The 
daily questionnaires regarding training load and the use of dietary supplements and 
sports nutrition products were collected with the “vitality portal” (HAN University of 
Applied Sciences). The daily questionnaire consisted of five groups of questions regard-
ing type of day (training, race or resting), type of training (game, endurance, strength, 
technical, core-stability, sprint or other), total amount of exercise, perceived workload 
on a four-point scale (light, moderate, heavy, very heavy) and dietary supplements 
and/or sports nutrition products used based on a pre-specified list of more than 3400 
product names. If the product was not available in the list, subjects were able to fill in 
this themselves. 
The post-race questionnaire was obtained using “Qualtrics” (The Qualtrics Research 
Suite, 2013. Provo, UT). To calculate energy and nutrient intakes and assign foods to 
food groups, the Dutch food composition database of 2010 was used.15 For supple-
ments and sports nutrition products the Dutch database for dietary Supplements (NES) 
was used for conversion of products into energy and nutrients.16 
Dietary assessment of habitual diet  
From February 4 to March 4, 2013, athletes were asked to complete three unan-
nounced non-consecutive 24-h dietary recalls in combination with a daily questionnaire 
over a period of 3 weeks on three separate days, selected by the researchers. Each 
athlete registered one Monday, Wednesday or Friday, one Tuesday or Thursday, and 
one weekend day. Days collected were spread evenly over the whole testing period 
with at least four days in between each single measurement. All questionnaires were 
open for 36 h and were locked automatically afterwards. If the 24-h recall and daily 
questionnaire were not completed, they were rescheduled in the last week of the four-
week period. All 24-h recalls and questionnaires were checked by a dietician especially 
trained for this task using standardized procedures including a standardized weight and 
portion book.14 If information was lacking, the composition of dietary supplements and 
sports nutrition products was retrieved from Internet or through local shops. The re-
ported combined intake consisted of at least two complete datasets each with a 24-h 
recall and one questionnaire per subject, and these were converted into the amount of 
total energy (MJ/kcal), carbohydrates (total g and g/kg), protein (total g and g/kg), fat 
(total g and en%), alcohol (g), fluid (g), dietary fiber (g), vitamins including RAEs (retinol 
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activity equivalents), B1, B2 and B6, C, D and minerals including calcium, iron, magnesi-
um and zinc (mg/μg).  
Nutritional intake and GI distress before and during the 60 km race 
The day after the race, the 60 km runners received an email with a link to a post-race 
questionnaire asking about their food intake before and during the race and GI distress 
during the race. The questionnaire was a Dutch translation of the Gatorade Sport Sci-
ence Institute (GSSI) questionnaire used during the 2012 Chicago Marathon.17 
Breakfast, pre-race nutrition and nutritional intake during the race was calculated as 
total energy (MJ/kcal), protein (g), fat (g), CHO (g, g/kg and g/h), fiber (g) and fluid (ml, 
ml/h and ml/kg) based on general sports nutrition guidelines.3, 18-21 GI distress was 
measured on a nine-point scale (“no problem at all” to “the worst it has ever been”) and 
mentioned with a score >0. If a complaint had a score above 5, it was considered as 
serious. For vomiting and intestinal bleeding, each value above 0 was considered a seri-
ous complaint.  
Observation during 120 km race  
In a subgroup of four 120 km runners, nutritional intake was actively monitored during 
the race. Each food was uniquely labeled and listed, and pictures were taken of ingredi-
ent declarations. 
Height (Cescorf® stadiometer, Porto Alegre, Brazil) and body weight (Seca scale S760 
mechanical) were measured the day before at the end of the afternoon and directly 
after the race. Each runner was accompanied by a cyclist who used a voice recorder to 
report the use of all products. All collected beverages or food items were checked af-
terwards with measuring cups and kitchen scales for remaining content (ml or g) to 
calculate total consumed content as energy (total kJ/kcal and energy/hour), CHO (g/h) 
and fluid (ml/h). 
Statistical analysis 
All calculations were performed in Excel (2007) and SPSS (IBM SPSS Statistics, version 
20). Energy and selected nutrients were checked for normal distribution based on his-
tograms and normal curve, skewness and kurtosis. Dietary intake was expressed as 
mean ± standard deviation (SD) or median with 25thth–75th percentile. If an estimated 
average requirement (EAR; based on Health Council of the Netherlands22-25 or Nordic 
Nutrition Recommendations26) was available, 27 group mean or log transformed mean 
was used to evaluate the diet based on probability of inadequacy. 28 To this end, the 
(SD-corrected) area under normal curve (probability of inadequacy) was calculated. 27 In 
all other cases, reference dietary intakes, AIs and available sports nutrition recommen-
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dations, based on international literature or Nordic Nutrition Recommendations, were 
used for qualitative comparison with the group median to evaluate dietary intake. 
Nutritional intake based on questionnaires during the 60 km race was reported as 
group mean ± SD and min–max for males, females and the total group. Frequency ta-
bles were used for qualitative assessment based on sports nutrition recommendations 
using percentages below, equal to and above recommendations. To evaluate data on 
single GI symptoms, Spearman rank correlation coefficient was used, because scores on 
GI symptoms were recorded mainly on the low end of the scale (score 0–9) and not 
normally distributed, using a P-value of <0.05 for significance. Data of the observational 
study in 120 km were presented per individual and as mean intake ± SD. 
Results 
Complete food consumption data (records of at least 2 days) were available from 68 
subjects. Nutritional intake and GI distress before and during the race was based on 41 
subjects. Initially, seven subjects were followed during their 120 km race; however, 
because of drop-out (n=2) and incomplete recording during the race (n=1), data relating 
to only four male subjects were considered in this paper. Group characteristics per 
study part are shown in Table 1. 
 
Table 1. Group characteristics  
 Survey (n=68)  Questionnaire (n=41) Observation (n=4) 
 60 km 120 km 60 km 120 km 
Gender (n) Male  48 7 33 4 
Female 12 1 8 0 
Age (year)  46.5±7.2 46.6±6.3 47.3±6.8 46.5±6.8 
Weight(kg)  71.7±10.8 73.0±7.0 71.7±10.1 71.8±9.6 
Height (cm)  178.4±9.5 181.8±6.5 171.5±27.8 167.1±29.6 
Exercise (min/day)  83±52 111±70 48±48 108±83 
Food consumption survey during a training period 
In total, 197 recall days were collected, of which 155 days for males and 42 for females. 
Total recall days consisted of 64% training days, 30% resting days and 6% competition 
days. 
In total, 235 dietary supplements and sports nutrition products were registered in 
20 different categories. Roughly one-third of the subjects did not use any of these 
products. Dietary intake for males and females is shown in Table 2. For both males and 
females, inadequate intake was highest for retinol activity equivalents and vitamin D; 
however, inadequate intakes were seen also for vitamin B1 and B6 (males and females) 
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and for calcium, iron and zinc (females). For males, a low risk for prevalence of low 
intakes was shown based on the sports nutrition recommendation for PRO (1.2–1.8 
g/kg·bw), fluid, vitamin C, calcium, iron and zinc. For females, the low risk for preva-
lence was shown based on recommended daily intake for PRO (0.8 g/kg·bw), fat, fluid, 
vitamin B2 and magnesium. No statement could be made regarding CHO (5–7 g/kg·bw) 
and PRO (1.8 g/kg·bw for males and 1.2–1.8 g/kg·bw for females) based on the suggest-
ed sports nutrition recommendations or regarding fiber based on AI because median 
levels were below recommendations and no EAR was available. Both males and females 
had difficulties meeting the lower sports nutrition recommendations taken from the 
literature for CHO (>5 g/kg·bw) and partly also PRO (>1.2 g/kg·bw). 
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Table 3. Carbohydrate, protein and fluid intake per kg before and per hour during 60 km ultra-marathon based 
on a questionnaire.  
Nutrient Recommendation Total (n=41)  Male (n=33)  Female (n=8) 
 % equal % < % > % equal % < % > % equal % < % > 
Before race*           
CHO (g/kg) 1-2  41.5 12.2 46.3 36.4 12.1 51.5 62.5 12.5 25.0 
PRO (g/kg) 0.15-0.25 24.4 7.3 68.3 21.2 6.1 72.7 25.0 12.5 62.5 
Fluid (ml/kg) 8-10 14.6 29.3 56.1 15.1 27.3 57.6 12.5 37.5 50.0 
During race           
CHO (g/h) 60-90  22.0 75.6 2.4 21.2 72.7 6.1 12.5 87.5 0 
Fluid (ml/h) 500-1000  12.2 85.4 2.4 15.2 81.8 3.0 0 100 0 
Percentages of the group that corresponded equally to the recommendation and the percentages above or 
below this range was displayed. 
*Eating moments before the race consist of total eating moments before the start of the race. 
Recommendations before race: CHO: Kerksick et al. (2008), PRO: Tarnapolsky et al. (2005) and Fluid: com-
bined guidelines proposed by Sawka et al. (2007).  
Both recommendations of Sawka et al (2007) based on 3-4 hour 5-7ml/kg.bw before exercise and 2 hours 
before 3-5 ml/kg.bw were combined into one range of 8-10 ml before competition.  
Recommendations during race: CHO Burke et al. (2011): and Fluid: Kreider et al. (2010). 
Nutritional intake and GI distress before and during the 60 km race 
Breakfast was consumed on average 3–4 h before the start of the race. Average total 
energy intake of the breakfast was 2.8±1.2 MJ. This consisted of PRO (21±13 g), fat 
(17±19 g), CHO (102±49 g), dietary fiber (7±4 g) and fluid (0.63±0.3 L). In between 
breakfast and the start of the race, 27 runners (65.9%) ate a snack or a small meal con-
taining 0.9±1.0 MJ of energy, generally consisting of PRO (4±5 g) fat (2±3 g), CHO 
(45±52 g), fiber (2±3 g) and fluid (0.23±0.39 L). Most energy during the race was provid-
ed by carbohydrates, on average 274±133 g, contributing to the total energy intake of 
4.9±2.3 MJ. Mean fluid intake during the race was 2.0±1.5 L.  
In Table 3, the percentage of runners who did or did not meet recommendations is 
specified. Of the runners, 87.8% managed to take in >1.0 g/kg·bw of CHO and >0.15 
g/kg·bw of PRO before the race. Furthermore, 70.6% consumed more than 8.0 
ml/kg·bw of fluid. During the race, 24.4% of the group achieved the recommendation to 
take ≥60 g of CHO per hour and 14.6% consumed >500 ml/h of fluid. 
The percentages of self-reported complaints are shown in Table 4. In total, 82.9% of 
the athletes (27 men and seven women) reported some GI symptoms during the race. 
Severe GI symptoms were reported by 7.3% (two men, one woman). Men (81.8%) and 
women (87.5%) reported relatively equal amounts of discomfort. The most common 
complaints were an urge to urinate (56.1%), belching (46.3%) and flatulence (36.6%). 
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Table 4. Percentage of self reported complaints during 60 km based on a questionnaire (n=43).  
% no complaints complaints severe 
complaints 
High respiratory and stomach 
complaints 
Reflux 79.1 16.3 4.6 
Heartburn 90.7 9.3 0 
Belching 53.5 41.9 4.6 
Bloating 81.4 16.3 2.3 
Stomach cramps 81.4 14.0 4.6 
Vomiting 95.4 - 4.6 
Nausea 74.4 20.9 4.7 
Lower bowel complaints Intestinal cramp 90.7 9.3 0 
Flatulence 62.8 34.9 2.3 
Urge to defecate 81.4 16.3 2.3 
Side ache 88.4 11.6 0 
Abdominal pain 88.4 9.3 2.3 
Loose of stool 95.4 4.6 0 
Diarrhoea 97.7 2.3 0 
Intestinal bleeding 100 - 0 
Other Dizziness 95.3 4.7 0 
Headache  88.4 11.6 0 
Muscle cramps 67.4 30.3 2.3 
 Urge to urinate 44.2 46.1 9.7 
 
All significant single-nutrient GI correlations are shown in Table 5, indicating a low to 
moderate relationship. All correlations are negative except for the two associations 
found for fiber, showing that a higher fiber intake is associated with a higher frequency 
of nausea and an urge to defecate.  
 
Table 5. Significant correlations (r) for nutrients and GI distress based on a questionnaire (n=43).  
 Energy 
intake 
Carbohydrate 
intake 
Fiber 
intake 
Fluid 
intake 
High respiratory and 
stomach complaints 
Heartburn -0.31, p=0.04 -0.33, p=0.03  -0.33, p=0.03 
Belching    -0.34, p=0.03 
Vomiting -0.40, p=0.01 -0.41, p=0.01  -0.36, p=0.02 
Nausea   0.31, p=0.04  
Lower bowel 
complaints 
Intestinal cramp    -0.36, p=0.02 
Flatulence     
Urge to defecate   0.45, p=0.01 -0.35, p=0.02 
Side ache    -0.38, p=0.01 
Loose of stool -0.35, p=0.02 -0.34, p=0.03   
Diarrhea -0.34, p=0.03 -0.31, p=0.04  -0.35, 0.02 
Other Dizziness -0.34, p=0.03 -0.31, p=0.05  -0.29, p=0.06 
Headache     -0.39, p=0.01 
Urge to urinate -0.40, p=0.01 -0.31, p=0.05   
Only significant (p≤0.05) correlations are shown. No correlations for single nutrients and GI distress are shown 
for reflux, bloating, stomach cramps, flatulence, abdominal pain, intestinal bleeding and muscle cramps. 
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Observation during 120 km race  
Runners completed the race in 9:30:39 to 11:59:24 h. Total energy intake ranged from 
1.45 MJ to 5.51 MJ, with all runners using sport nutrition products during the race and 
two runners relying solely on sports nutrition products without basic food products. 
Lower energy intake was seen in the two fastest runners. All runners reported average 
CHO intakes >30 g/h and fluid intakes >350 ml/h. Body weight change after the race 
ranged between –4% and +1%. The fastest runner lost the most weight and the slowest 
runner gained weight in comparison to the pre-race weight measured the day before in 
the afternoon. The energy and CHO and fluid intake of four runners during the 120 km 
observation are shown in Table 6.  
 
Table 6. Mean intake and range of energy, carbohydrate and fluid per hour.  
Runner Ranking Weight 
(kg) 
Weight 
difference 
(%) 
Race time 
(hours) 
Velocity 
(km/hour) 
Total energy 
intake 
MJ (Kcal) 
MJ/hour 
(Kcal/hour) 
CHO/hour (g) Fluid/hour (ml) 
1 1st 70.3 - 4% 9:30:39 12.6 10.5 (2496) 1.1 (263) 61 (8-114) 530 (130-827) 
2 3rd 59.4 - 3% 10:54:26 11.0 6.1 (1457) 0.6 (134) 31 (11-57) 392 (178-669) 
3 8th 81.1 0% 11:39:55 10.3 23.1 (5514) 1.8 (428) 108 (39-135) 609 (259-805) 
4 13th 81.0 +1% 11:59:24 10.0 15.3 (3656) 1.3 (305) 69 (7-119) 587 (120-1230) 
CHO and Fluid intake/hour are shown as mean intake and range per hour. Low values can be the result of 
incomplete hour registration due to finishing the race. 
Discussion 
So far, only a few studies specifically addressed dietary intake and supplement use by 
ultramarathon runners.29-32 The present study investigated the habitual diet including 
use of sport-specific products and dietary supplements during a training phase and 
nutrient intake before and during competition. Despite the low number of subjects, the 
observation of the 120 km run can serve as case report illustrating the practice of eating 
and drinking during an ultramarathon. Our general study population was relatively large 
compared to previous reports and consisted of 68 (training phase) and 45 (race) men 
and women. Their average age (around 46 y) and daily training activity (generally be-
tween 1 and 2 h of training per day) was in line with those reported in the literature for 
recreational ultra-runners.29-31, 33 Quite remarkably, data on nutritional intake of women 
participating in ultra-endurance running appear to be limited to one case study.32 
Dietary intake 
We found that CHO intake during training periods was generally lower than the recom-
mended 5 g/kg·bw for endurance athletes with moderate training load in both men and 
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women.3, 7 Although not shown, the subjects reported an average training intensity on 
total group level of 2.5 based on a four-point scale, indicating that they experience their 
total training load as being between moderate and heavy. The largest proportion of 
days covered consisted of endurance training days (42%) or resting days (24%), and 14% 
of days involved non-running-specific exercise. Hence, in our opinion, recommendations 
for moderate endurance exercise would be the most applicable for this group, corre-
sponding to a range from 5 to 10 g/d. 
For women only, PRO intake did not meet the recommendations. Daily CHO intake 
(g/kg·bw) was lower in women than in men, which can be explained at least partly by 
their lower basal metabolic rate, and perhaps a slightly shorter average training dura-
tion per day compared to men (males: 118±78 min/day; females: 101±82 min/day). 
Twenty-four hour recalls and questionnaires are known to underestimate dietary in-
take,34 and therefore actual dietary intake presented in Table 2 might be higher. The 
estimate mean intake is consequently not biased, but the precision is influenced and 
the distribution of measured intake is artificially widened because of random between-
person errors and systematic and random within person errors.28 The precision of the 
mean estimate (Dt) of a group can be improved by increasing the number of subjects or 
the number of days,35 A low percentage indicates a greater likelihood that the combina-
tion of the number of respondents and the number of replicate measurements leads to 
the required precision. A precision of 10–20% for single-nutrient intakes is considered 
to be reliable.36 Dt was calculated for all available  nutrients. Not all estimated nutrients 
met the needed power based on our calculations. Except for alcohol, all nutrients 
shown in Table 2 met at least the proposed power of 20%. 
Nutritional intake during the race  
Fluid intake during the race was generally low (based on questionnaires and observa-
tion). Although personal fluid needs are highly variable,7 we selected the range for fluid 
intake suggested by Kreider et al. (2010): 0.5–2.0 L/h of fluid.21 However, weather con-
ditions made it almost impossible to match the selected fluid recommendations during 
competition and we did not manage to assess the pre- and post-race weight of all sub-
jects to estimate fluid balance. Therefore, it is difficult to draw hard conclusions based 
on information found in the literature. Pre- and post-race body weight was measured in 
the small group of 120 km runners (n=4). Because of practical reasons, pre-race body 
weight was measured the day before, at the end of the afternoon. Hence, the change in 
body weight observed can be influenced by all foods and fluid consumed over the time 
before the start of the race. On the other hand, the measurement time was close to the 
actual time of finishing, and therefore this possibly reflected the normal weight at this 
time. 
The mean CHO intake (67.2 g/h) of the 120 km runners was close to recommenda-
tions.3 This figure is much higher than described by Fallon et al. in 1989, who reported 
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an intake of 21.2 g/h during a 100 km race. They included seven subjects that were 
continuously observed. The large variation in intake may partly account for the differ-
ence in findings. However, in our opinion, the largest part of the relative low CHO intake 
measured by Fallon et al. resulted from differences in CHO recommendations between 
both periods (1989 vs. 2011).30 
Our 60 km runners reported a CHO intake of 24.8 g/h, which was lower than previ-
ous findings using a questionnaire.29 Differences may be explained at least partly by 
differences in running speed, which also determines CHO demand. In the studies re-
ported by Fallon et al. (1989) and Glace et al. (2002), average speed was lower than 
recorded in the present study;29, 30 in our opinion, this makes it easier to consume high-
er amounts of CHO without resulting in a notable number of GI complaints . It is also 
possible that the low fluid intake influenced CHO intake. This may be due to the fact 
that athletes had expected to receive CHO from fluids according to their planned intake 
schedule, which may not have been adapted to the cold circumstances. 
Furthermore, the differences in our study between the 60 km and 120 km runners 
may have methodological causes. Questionnaires are more practical and cost effective. 
Individual monitoring, on the other hand, including recording of spilling and actual use, 
is far more accurate. 
Gastrointestinal distress 
GI discomfort may impact the ability to eat or drink. In our study, we used a question-
naire post-race to obtain data on GI distress on the race day. All values >0 were includ-
ed as GI symptom. Most GI complaints were ranked “moderate.” Therefore, it is ques-
tionable whether these GI complaints directly influenced performance. Severe GI symp-
toms were rare, maybe because of the distance and environmental conditions and, in 
this case, probably not having a notable impact on group results. GI complaints are 
more common during races over longer distances.2 
Most studies used questionnaires during the race at provision/check points29, 32, 37 or 
continuous observation.30 Linderman et al. (2003) used a 48-h recall at the end of the 
race day, possibly giving a better insight in dietary intake in comparison with a ques-
tionnaire taken the day after.38 
Self-reported moderate GI complaints (82%) are in the upper level compared to 
those from other studies.39 We categorized these complaints as moderate based on our 
nine-point scale. Other studies often assessed only the presence of complaints29 or 
mentioned only severe GI complaints.10 Therefore it is difficult to compare results. 
Glace et al. (2002) reported a lower incidence of GI distress (50%) and no relation with 
nutrient intake during a 160 km race, but running speed in our study was higher (10±1.0 
km/h) in comparison to that reported by Glace et al. (6.6 km/h), possibly contributing to 
the higher incidence of GI distress. 29 Although Glace et al. used a questionnaire, in the 
specific section of the questionnaire respondents only had to mention if symptoms 
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were present. In our study, all symptoms were pre-structured.29 Therefore, it is possible 
that Glace found a lower incidence, because complaints were not recognized as such; 
on the other hand, our method did rely on memory and the method of Glace et al. did 
not.29 
The most common complaint found in this study was the urge to urinate, but this 
was not associated with fluid intake. All GI–nutrient correlations were moderate, 
around 0.30–0.40, and all associations found were negative except for fiber. Therefore, 
higher nutrient intake, except fiber intake, was in general associated with lower fre-
quency of GI distress. Of course, the question remains if this is a result of higher nutri-
tion intake or if those subjects experience fewer complaints and therefore can eat 
more. 
In conclusion, men and women did not meet CHO recommendations during training, 
neither did women for PRO. CHO, PRO and fluid intake on a race day before the race 
was considered sufficient. CHO intake during the race was lower than recommended for 
60 km runners. The small group of 120 km runners showed that intakes higher than the 
recommended range of 60–90 g/h are possible. The present study adds to our 
knowledge on dietary intake by ultramarathon runners because of the relatively large 
number of participants included and the different methods used.  
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Abstract 
Aim: Purpose of the present study was to determine the prevalence of dietary supple-
ments (DS) and sport nutrition product (SNP) use among the general population, to 
identify differences for gender, age and exercise frequency, and to determine the main 
reasons for use. 
Methods: The study was designed as a web-based questionnaire in a representative 
sample (n=1544) of the Dutch population. 
Results: Sixty-two percent (n=957) of the respondents reported having used DS and(or) 
SNP in the last twelve months. Women and older people reported the highest DS use. 
The highest use of SNP was reported by regular exercising men and younger people 
with improving sporting performance as their main objective. Most frequently reported 
DS were multivitamins (28%) and vitamin C (19%) and, for SNP, energy drinks (22%) and 
isotonic drinks (19%). Health considerations were the most important motivation (DS 
90% and SNP 52%), but also performance was substantially reported (DS 14% and SNP 
35%). A substantial group of sedentary respondents reported also the use of SNP. 
Conclusions: This study confirms that DS and(or) SNP are widely used among the general 
population. Women and older people reported the highest DS use as regular exercising 
men and younger people with improving sporting performance as their main objective 
reported the highest use of SNP. Both health as performance are important reasons for 
use. It can be questioned whether the use of SNP fits all respondents’ physical activity 
needs. 
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Introduction 
Nutritional supplements like dietary supplements (DS) and sports nutrition products 
(SNP) are commonly used by athletes to maximise their performance and to accelerate 
recovery,  prevent nutrient deficiencies, and to maintain good general health.1-4 How-
ever, the impression exists that these arguments are also often used by physically less 
active people and that these products are actively promoted by suppliers aiming to 
reach a wider target group.5, 6  
The majority of literature investigating DS and SNP use does combine both as nutri-
tional supplements or only focuses on dietary supplements, despite the fact that SNP do 
not only contain macronutrients but also micronutrients. Moreover, SNP are increasing-
ly found on the shelves of supermarkets, making these types of products easily accessi-
ble for the general population. Thus, from a nutritional perspective it is necessary to 
include also SNP as part of dietary analysis. 
Consumers of both DS and SNP may use these preparations with the intention of 
maintaining good health,5 often without being aware of the supporting or lacking scien-
tific evidence.6 Further it can be questioned if they also use these type of products for 
performance reasons. Surveys on dietary supplement consumption by the general pop-
ulation generally focus on the use of multivitamins or other micro-nutrient products, 
but often make no distinction with sport-specific DS and SNP or not mention those at 
all.7 Until now, this has only been investigated in a small group of non-athletes included 
as controls to compare their use with the nutritional supplement use of elite athletes.1, 
6, 8 However, two of these three studies did not provide a clear insight into the contribu-
tion of sport specific SNPs used in the non-athletes group1, 8 therefore obtaining addi-
tional information in a large sample of a general population can be seen as valuable. 
From an earlier pilot survey among general consumers in the Netherlands, we con-
cluded that a typical user of sports supplements and sports nutrition products is a 
young (<35 years) male, who regularly takes part in sports (>once/week), and is a mem-
ber of a sports club.5 When subjects were asked about their reasons for using DS and 
SNP, we found a lower prevalence of sports-oriented use (5.8% for DS and 21.6% for 
SNP) compared to other studies.6, 8 
Therefore, as part of the Dutch National Sport Study (Nationaal Sport Onderzoek, 
NSO 2013), we investigated the self-reported use and the main reasons for use of DS 
and SNP. The objectives of this survey were (a) to determine the prevalence in the 
Dutch general population of dietary supplement and sports nutrition product use, in 
general and for specific DS and SNP; (b) to identify differences in use for gender, age 
and exercise frequency, and (c) to determine the main reasons for using DS and(or) SNP 
in particular for physical performance purposes in comparison to general health pur-
poses. Knowledge about prevalence and motivation for use of DS and SNP, especially in 
non-athletes, is of relevance for (sports) dieticians and health professionals giving die-
tary advice. 
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Methods 
Study design 
The present study was part of the Dutch Sport nutrition and Supplement Study (DSSS) 
which had been approved by the Ethics Board of Wageningen University. To obtain 
insight in nutritional supplement use of a representative sample of the general popula-
tion questions were integrated in the Dutch National Sport Study (NSO). GfK Panel Ser-
vices Benelux BV (GfK) conducted the survey between November 22 and December 4, 
2013 using an Internet-based questionnaire (Bellview, Pulse Train, North Palm Beach 
USA). To reduce selection bias, the questionnaire was given a neutral title: ‘Health and 
exercise’. Moreover, those respondents submitting a completed questionnaire were 
rewarded with an incentive (bonus points with a value of €1.60 that could be spent 
within the GfK panel rewarding system) which encouraged those respondents that were 
not primarily interested in health and exercise to participate. Average duration for filling 
out the total NSO questionnaire was 16 minutes, with 2 minutes for the specific sports 
nutrition questions. 
Study population 
Out of a panel of 10,000 representative households, 2350 participants received an invi-
tation to fill out the questionnaire. Within thirteen days, 1544 questionnaires were 
returned (response percentage of 66%) which was considered to deliver a representa-
tive sample of the population in the Netherlands for example in terms of age (15-80 
years), gender(50-50% men and women), education level (35% lower education; 42% 
middle-education; 23% higher education) and ethnicity (80% autochthonous; 8% west-
ern-immigrant; 12% not-western immigrant). 
Questions 
To investigate the prevalence of dietary supplement and sports nutrition product use, in 
general and for specific DS and SNP sub categories, a questionnaire was developed that 
examined the self-reported use of DS and SNP in the last 12 months. All products ques-
tioned are shown in Table 1. Dietary supplements were products classified as supple-
ments that prevent or treat a perceived nutrient deficiency, i.e. vitamins, minerals, 
essential fatty acids. Ergogenic supplements were also included in this category, be-
cause they could be used for health purposes as well as performance improvement. 
Sport nutrition products were macronutrient containing beverages, i.e. sports drinks 
(electrolyte and carbohydrate containing drinks for rehydration and refuelling and en-
ergy drinks containing mainly carbohydrate for refuelling) and recovery drinks (contain-
ing a combination of carbohydrate and protein aiming to optimize post-exercise recov-
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ery), to provide a more convenient form of nutrients in situations where everyday foods 
aren’t practical—particularly to address nutritional needs/ goals around an exercise 
session. All DS that could be selected were pre-defined with the option to indicate ‘no’ 
or ‘other’ use and in case of SNP the option ‘none of these supplements’ was included. 
The questions asked were: #1 Which dietary supplements did you use during the last 
twelve months? (pre-selected options); #2 Which sports nutrition products did you use 
during the last twelve months? (pre-selected options); #3 and #4 Please indicate the 
main reason for using these products (DS or SNP). Subjects were asked to select only 
one option: for health purposes, for physical performance purposes, to improve both, 
or for other purposes. Gender and sporting frequency were detected as part of the 
general questionnaire. Respondents were asked to select one or more sports out of a 
pre-specified list of 44 sports and an ‘other’ option. The exercise frequency (per year) 
was obtained by an open question that was part of the annual NSO questionnaire: how 
many times did you have exercised in the last 12 months? 
Statistical analysis 
After terminating the registration period results were entered into SPSS (IBM SPSS Sta-
tistics, version 20). All self-reported results are given as percentages. For each value a 
95% confidence interval was estimated and expressed as a percentage based on the 
following formula √(p(1-p)/n) of which p is the sample proportion and n is the sample 
size. Individual (2x2) chi-square tests were used to assess whether there was a differ-
ence in the expected distribution of DS and SNP use within tied subcategories such as 
gender, age and sporting frequency. Results were considered significantly different at P 
≤ 0.05. No correction was calculated for multiple comparisons because of the relatively 
small number of equations between each subcategory.  
Results 
The sample size was n=1.544 with comparable numbers of men (n=791) and women 
(n=753). The largest proportion, 76% of the sample, was aged between 21 and 65 years. 
Of the total study population, 26% reported that they were not engaged in any sporting 
activity, while 31% of the population exercised between 12 and 59 times a year. One 
third of the study population (33%, n=512) indicated that they were a member of a 
sports club. Most of the subjects performed recreational sports without a competitive 
element. Table 1 contains numbers (n) of participants in specific subgroups. 
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Prevalence 
The most reported DS were multivitamin/mineral supplements, vitamin C and vitamin 
D. The most frequently reported SNPs were energy drinks and isotonic drinks (Table 1). 
With regards to total prevalence of DS and SNP use in total, 62% [95% CI:60-64] of the 
study population reported the use of DS, SNP or both. The percentage use of products 
categorized within DS or SNP only existed of 28% [95% CI: 26-30] and 12% [95% CI: 10-
14] respectively.  In total 38% [95% CI: 36-40] did not report to use any type of product 
(Table 2). 
As shown in Table 1 Men reported to use more SNPs like energy drinks, isotonic 
drinks and recovery drinks than women, except for protein shakes and energy gels. 
Women reported a higher proportion of vitamin and mineral supplements, essential 
fatty acids, probiotics and other DS than men. No differences between men and women 
were seen for the use of ergogenic supplements, such as caffeine and creatine. 
The use of dietary supplements was different between age categories as can be 
seen in Table 1. For example, vitamin D and calcium supplement use was higher in the 
oldest age category of 66-80 years. And magnesium was high in both the youngest age 
group of 15-20 years and the oldest age groups of 51-65 and 66-80 years. The sport-
specific use of caffeine (defined as: tablet/ capsule, energy drink/ sport nutrition prod-
uct, coffee or an equivalent) was especially high in the two youngest age groups of 15-
20 and 21-35 years old. Regarding to SNP, energy drinks, isotonic drinks and protein 
shakes prevalence was the highest in the two youngest age categories of 15-20 and 21-
35 years. The prevalence of the use recovery drinks was declining by increasing age 
groups. In general some differences between age groups existed, resulting in a higher 
prevalence of use of SNP or a combination of DS and SNP (i.e. using both) in the young-
er categories (15-20 years and 21-35 years) compared with the older age categories 
(51-65 years and 66-80 years) as shown in Table 2.  
The part of the population that exercised  >60 times a year reported the greatest 
consumption of SNP. This group also reported the highest percentages for single prod-
uct use of multivitamin and minerals, vitamin C, isotonic drinks, energy drinks, protein 
drinks, recovery drinks and energy gels (Table 1). People who did not exercise or less 
than 11 times a year reported the highest non-use (51%) of DS and SNP (Table 2). This 
percentage was significantly higher than all categories with an active participation in 
sports. Nevertheless, of those participants reporting not to exercise still a relatively 
large number indicated to use SNP (8%, [95% CI: 5-11]) or a combination of DS and SNP 
(7%, [95% CI: 5-9]). The frequency of SNP use found in those not exercising was equal to 
those exercising 1-11 times a year in case of those reporting only the use of SNP (8% 
[95% CI: 5-11] vs. 9% [95% CI: 4-14]. This was not the case for combined use of DS and 
SNP between those not active or 1-11 times a year (7% [95% CI: 5-9] vs. 24% [95% CI: 
17-31]. Overall this resulted in a relative large group of sedentary individuals using SNP.   
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Reasons 
Most subjects reported health reasons as the main motivation for using DS, with a 
range of 61-89% among categories (Table 3). Improvement of physical performance was 
not frequently selected as a single reason for use (range 1-8% for different sub catego-
ries), although the combined reason (health and performance) was reported frequently 
in some but not all groups. This was most frequently seen in the age group of 15-20 
years (25% [95% CI: 19-31]), and the group exercising >120 times a year (22% [95% CI: 
18-26]). Also for SNP use, health reasons were more frequently indicated than perfor-
mance reasons, with, for health, a range of 17-43% among categories, Table 3), alt-
hough ‘other reasons’ was answered more frequently (range 24-67% ). The group exer-
cising >120 times reported, in comparison with other subcategories, most frequently 
‘physical performance purposes’ as reasons for use, 23% [95% CI: 19-27], indicated 
performance as sole reason, while 34% [95 CI: 29-39]) indicated the combined reason of 
health and performance as major argument for use. 
Women more frequently reported health reasons as their motivation for DS use 
than men (84% [95% CI: 80-88] vs. 72% [95% CI: 69-75]), but not for SNP (33% [95% CI: 
31-35] vs. 25% [95% CI: 23-27]). Men reported higher percentages for physical perfor-
mance purposes and a combination of health and physical performance purposes as the 
most important reason for DS and SNP use than women. 
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Discussion 
Almost two-thirds of the respondents indicated having used DS and(or) SNP during the 
last twelve months. DS were used more frequently than SNP, with improving health 
being the most important motivating factor. The most frequently reported products 
used were, for DS, vitamin and mineral supplements, and, for SNP, energy drinks. DS 
use was most frequently reported by women and older people. On the other hand, 
men, young people, and those exercising most frequently reported the highest use of 
SNP. Women tended to indicate general health considerations more frequently com-
pared to men as their main reason, whereas men reported physical performance pur-
poses as their main reason for use more often than women. Remarkably, even seden-
tary respondents reported a relatively high prevalence of SNP use. 
Prevalence and reasons 
Combined use of DS and SNP intake of specific groups and populations was previously 
reported ranging from 22 to 98% based on different methods,1-4, 6, 8-17 while we meas-
ured a substantial percentage of 61% (combining both DS and SNP)  in the current 
study. Only a few studies focused on the sport-specific use of DS and SNP in non-
athletes.1, 6, 13 Although the combined DS and SNP use in the present study is lower than 
in most recent studies with athletes,2-4 it is much higher than the reported 4.8% in a 
small group of non-athletic controls (n=60) as presented previously.1 This may be ex-
plained by geographical differences indicating the relevance of this type of study for 
specific regions worldwide. 
Overall DS use in this Dutch sample (49%) equals DS use of a representative sample 
of the US population (i.e. 52%)18 and data based on the latest Dutch Food Consumption 
Survey (VCP).19 This VCP also questioning dietary supplement use throughout the year, 
and showed a range of 26-36% for men and 34-54% for women across different age 
groups. The results of the present study are at the upper end of the results of the VCP, 
most likely due to including or not including specific types of DS (for example ergogenic 
supplements), but also reflecting some differences in our population with those of the 
VCP (maybe as a result of including those interested in a questionnaire about health and 
exercise) despite the fact that we included a representative sample of the Dutch popu-
lation. As observed previously, multivitamins, vitamin C and vitamin D were most fre-
quently reported.18-20    
Gender differences found in the present study are in line with results found by 
Sundgot-Borgen et al. (2003), who included 1689 non-athletes as controls of an athletic 
population.8 These authors reported a difference in total nutritional supplement use - a 
combination of DS and SNP - between men (32%) and women (52%)8 We found a simi-
lar gender difference although the total prevalence of DS and SNP use was higher in our 
study, and the difference between both groups was much smaller: 60% vs. 64% for men 
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and women respectively. Interestingly, the women in our study reported higher DS use 
compared to men (36 vs. 20%), while men reported a higher prevalence of SNP. This 
gender difference was also previously detected by others.2, 8, 12, 21 An explanation might 
be that DS are more frequently linked to health, whereas SNP are more frequently asso-
ciated with physical performance. This would be in line with our observations that 
women reported ‘health’ more often as reason for use, men reported ‘physical perfor-
mance’. In contrast, some studies did not find a gender difference3 or in fact found the 
opposite,1, 11 which may also depend on the definitions used for DS and(or) SNP.  
It is interesting to note that younger respondents use more SNP or both SNP and DS 
than older respondents. This contrast some previous investigations that indicated a 
higher prevalence of nutritional supplement use in adult athletes compared with ado-
lescents.22, 23 It can be speculated that SNP, such as sports drinks and energy drinks, 
have become increasingly popular amongst younger individuals during recent years. 
This might be attributed to marketing strategies of companies producing these type of 
products that are appealing to young athletes. Resulting for example in parents buying 
these drinks at the supermarket for their children to replenish energy and fluid at half 
time during their sports in the weekend. 
Our findings are also in line with the National Health and Nutrition Examination Study. 
As that study revealed comparable trends for those being active (>120 times a year in the 
present study vs. vigorous in NHANES) reporting the highest percentages for total DS use, 
but also for the top ranked products like multivitamin/mineral and vitamin C.18 
Strengths and limitations 
The novelty of this paper is that we examined the use of DS and SNP in a representative 
sample of a general population in relation to reasons for use, i.e. health purposes, phys-
ical performance purposes, both or other reasons for the total category of DS, SNP 
and(or) combined use of DS and SNP. To our best knowledge, this is the first study in-
vestigating the general reason for use (health, performance or both) of both DS and SNP 
in a general population. Besides this we used a sound sampling strategy with a strong 
response rate. 
An important added value of the present study is that it evaluated the prevalence of 
intake of DS and SNP separately, as well as the different types of products used- an 
insight which is generally not provided in other large cohort publications.18-20, 24, 25 For 
example, there does not seem to be any nutritional substantiation for energy-
containing SNP used by the majority of the non-exercising population. Combining DS 
and SNP will not provide this insight.  
The estimated proportions with a confidence interval (CI) of 95% are relatively small, 
which increases the likelihood that the true value of the respondents will actually lay 
close to the reported average percentage.  
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As we did not investigated frequency of use or quantity this should be investigated 
in the near future. As a consequence, our results reflect at least the total prevalence of 
respondents using a product once in this period. This may inflate the results for preva-
lence of use, on the other hand, others also questioned nutritional supplement use in 
the last 12 months,26 which can be seen as indicative for the (absolute) prevalence of 
type of products and the difference in proportion between products and categories. 
As we were limited by the number of questions that could be included in the ques-
tionnaire, we chose to pre-select the most relevant types of DS and SNP. In the case of 
SNP, sports energy bars are missing in this category as we focused on fluid-based SNP, 
therefore the prevalence of SNP use in our study could be underestimated but should at 
least give a representative picture of fluid-based SNP use. It could be debated why for 
example ergogenic supplements as creatine and B-alanine were classified as DS, as 
others would put these in the SNP category because of their sports performance en-
hancing claims. On the other hand some but not all of these ergogenic supplements 
could be used for health purposes as well. For example there exists a relation between 
the nitrate in beetroot juice and blood pressure, quercitin is a polyfenol that also could 
be related to health and caffeine can also be taken from a healthy life style perspective, 
for example to stimulate energy metabolism to enhance body weight loss. As there is 
not a single definition, either legal or within nutritional science, of what constitutes a 
dietary supplement,27 we chose to combine all supplements based on tablets, capsules, 
drops and so on, in small doses mostly defined in mg or mcg. As the included sport 
nutrition products were defined as those delivering substantial energy, macronutrients 
and(or) fluid. In this case classifying ergogenics as DS could affect the prevalence of 
sport specific use as a reason. On the other hand, the prevalence of reason for physical 
performance regarding to DS is only 14% against 79% reason for prevalence of health 
purposes. The contribution of these ergogenic supplements on sport specific can be 
stated as limited. Still this can be seen as a limitation that could have been prevented if 
we divided these categories on forehand.  
As health is the main reason for use of both DS and(or) SNP these observations sug-
gest that the general population has the impression that both DS – and – SNP are con-
sidered a healthy choice. An obvious question is whether the majority of this population 
needs these products, and whether the products used actually enhanced their sporting 
performance or influenced their health. 
To conclude, This study shows a high prevalence of DS and SNP use among a general 
population. Dietary supplement use was most frequently reported by women and older 
people, while men, young people, and those exercising most frequently reported the 
highest use of SNP. Next to improving health, improvement of physical performance 
appears to be an important objective for both DS as SNP or the combined use of these 
products. It can be questioned whether the use of SNP fits all respondents’ physical 
activity needs and in particular for those classified as being sedentary. 
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Abstract 
Aim: The use of nutritional supplements is highly prevalent among athletes. In this 
cross-sectional study we assessed the prevalence of nutritional supplement use by a 
large group of Dutch competitive athletes in relation to dietary counselling. 
Methods: A total of 778 athletes (407 males and 371 females) completed a web-based 
questionnaire about the use of nutritional supplements. Log-binomial regression mod-
els were applied to estimate crude and adjusted prevalence ratios (PR) for the use of 
individual nutritional supplements in athletes receiving dietary counselling as compared 
to athletes not receiving dietary counselling. 
Results: Of the athletes 97.2% had used nutritional supplements at some time during 
their sports career, whereas 84.7% indicated having used supplements during the last 4 
weeks. The top ranked supplements used over the last 4 weeks from dietary supple-
ments, sport nutrition products and ergogenic supplements were multivitamin and 
mineral preparations (42.9%), isotonic sports drinks (34.1%) and caffeine (13.0%). After 
adjustment for elite status, age, and weekly exercise duration, dietary counselling was 
associated with a higher prevalence of the use of vitamin D, recovery drinks, energy 
bars, isotonic drinks with protein, dextrose, beta-alanine, and sodium bicarbonate. In 
contrast, dietary counselling was inversely associated with the use of combivitamins, 
calcium, vitamin E, vitamin B2, retinol, energy drinks and BCAA and other amino acids.  
Conclusions: Almost all athletes had used nutritional supplements at some time during 
their athletic career. Receiving dietary counselling seemed to result in better informed 
choices with respect to the use of nutritional supplements related to performance, 
recovery, and health. 
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Introduction  
Nutritional supplements are products for oral consumption that add to the nutritional 
value of the habitual diet. They are widely used by athletes to maximise performance 
and accelerate recovery, to prevent deficiencies, and/or to maintain good general 
health.1-6 For sports purposes, nutritional supplements can be classified as dietary sup-
plements, sport nutrition products and ergogenic supplements. The category of dietary 
supplements mainly comprises micronutrient supplements such as vitamins and miner-
als, but also essential fatty acids. Such dietary supplements may promote the athletes’ 
general health through the prevention and treatment of nutrient deficiencies. These 
supplements are not believed to enhance performance in the absence of a deficiency. 
Sport nutrition products mainly contain macronutrients, such as carbohydrates and 
protein, and form a practical and (or) convenient alternative to regular food. Such sport 
nutrition products include, but are not limited to, sports drinks, recovery drinks, and 
energy and protein bars. The category of ergogenic supplements mainly comprises 
products with performance enhancing claims, such as caffeine and creatine.7 
The use of nutritional supplements worldwide  among the general population has  
grown steadily during recent years.8, 9 Here, health motives appear to be the most im-
portant reasons for using nutritional supplements.10 However, from the athlete’s per-
spective, the belief that these products help to improve exercise performance is consid-
ered the main driver for their use.11 This might explain why according to a recent review 
(Knapik et al., 2015) the use of nutritional supplements appears to be the highest in 
elite athletes (up to 100% in specific groups of athletes), followed by their non-elite 
counterparts (up to 87% in specific groups of athletes) and by the general population 
(42% in men and 54% in women). 
Despite the popularity of nutritional supplements in athletes, a well-balanced diet is 
of prime importance in meeting the nutritional demands of training and competition.12 
Athletes should therefore strive to optimize their general dietary intake, before consid-
ering nutritional supplements. However, many athletes seem to use nutritional supple-
ments without a proper understanding of the proposed effects and the level of scien-
tific evidence.11, 12 Although specialised sports dieticians or nutritionists can be seen as 
the main experts in the field of sports nutrition and nutritional supplements, only a 
small proportion of athletes (10-14%) considers a dietician or nutritionist as their prima-
ry source of nutritional information.13, 14 Despite the fact that dietary counselling has 
been shown to have a beneficial effect on the food intake of athletes,15, 16 many athletes 
decide to use nutritional supplements without consulting a specialist.13, 17 Earlier studies 
have looked at the relationship between competition level (elite or sub-elite) and gen-
der and the use of nutritional supplements.18 Nevertheless, it is currently unknown 
whether dietary counselling is related to the use of nutritional supplements in athletes. 
The first objective of this study was to define the prevalence of nutritional supple-
ment use in a representative group of elite-level  Dutch athletes. The last large scale 
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survey on nutritional supplement use in Dutch top athletes was conducted more than 
25 years ago in a period when the use of dietary supplements was not as common, 
showing a prevalence of 40-60% within disciplines.19, 20 Secondly, we aimed to evaluate 
whether supplement use differed between groups receiving dietary counselling and 
those not. Given the growing interest in dietary supplements by athletes, we hypothe-
sized a higher prevalence of nutritional supplement use in the current study compared 
with older studies. Furthermore, we expected that those receiving dietary counselling 
would show a more conscientious use of nutritional supplements than those not receiv-
ing counselling. 
Methods 
Study Design 
The study was part of the Dutch Sport Nutrition and Supplement Study that was con-
ducted between February 2012 and May 2015. Data collection was conducted using a 
web-based questionnaire (The Qualtrics Research Suite, 2013. Provo, UT). The study 
was approved by the Medical Ethics Committee of Wageningen University. Written 
informed consent was obtained from all participants. For participants under the age of 
eighteen, informed consent was also obtained from their parents or guardian. 
Study population 
Athletes were recruited from February 2012 during all seasons but mainly in late winter, 
spring and early summer. A total of 1801 elite and sub-elite athletes with on average 
17.1±10.1 training hours per week, including 1200 athletes with elite status from the 
Dutch Olympic Committee (NOC*NSF), received an invitation to participate in the cur-
rent study. As such, this population forms a large representative sample of Dutch elite 
athletes and high-level athletes competing at national and international levels. From 
February 2014 onwards, respondents submitting a completed questionnaire were re-
warded with a book on practical sport nutrition.  
Questionnaire 
The questionnaire was partly based on previous questionnaires21, 22 and was further 
expanded with questions about dietary counselling. A panel of three expert dietitians, 
all being members of the Dutch Association of Sports Dieticians, reviewed the first draft. 
The second draft was evaluated by a group (n=10) of competitive runners. Feedback 
was specifically sought on the length, language, and content of the questionnaire. After 
modifying the questionnaire in accordance with their recommendations, a final draft 
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was critiqued by all researchers involved in this study, including two dieticians working 
with elite athletes. No additional testing was done on reliability of the questionnaire. 
Following general questions on the athletes’ characteristics (age, gender, sports disci-
pline, NOC*NSF elite status and the presence of dietary counselling), the use of nutri-
tional supplements was assessed based on a list of pre-specified products which includ-
ed 47 specific nutritional supplements. The nutritional supplements were categorized as 
1) dietary supplements, including vitamins, minerals and essential fatty acids; 2) sport 
nutrition products, including products with carbohydrate and/ or protein, such as sports 
drinks, energy drinks, recovery drinks, protein shakes and sports bars and 3) ergogenic 
supplements, including mainly products with health and performance enhancing 
claims6, 23 such as probiotics, creatine and caffeine. The ergogenic supplements may 
include pills, tablets, powders, solutions, or drinks that were purposely taken because of 
the ergogenic substance. The athletes reported the use of the pre-specified nutritional 
supplements at any time in the past during their sports career and over the last 4 weeks 
(Table 2). The presence of dietary counselling was defined as currently being under 
guidance of a (sports) dietician or nutritionist. 
Statistical analysis 
After completing the data collection, data was organized, checked and analyzed by SPSS 
(IBM SPSS Statistics, version 20). Athlete characteristics are reported as mean ± sd. The 
prevalence of nutritional supplement use is reported as percentage (%). Independent t-
tests or Mann-Whitney U tests were used to determine differences between the char-
acteristics of subgroups.  
Log-binomial regression models were applied to estimate crude and adjusted preva-
lence ratios (PR) for the use of individual nutritional supplements over the last four 
weeks in athletes receiving dietary counselling (yes/no) and additionally for gender and 
elite status. The PRs based on the exposure of counselling were adjusted for gender, 
elite status (yes/no), age (years; log-transformed) and weekly exercise duration (hours; 
log-transformed) and the PRs based on the exposure of gender and elite stays were 
adjusted for each other, counselling, age and weekly exercise duration. All results were 
considered significant at P<0.05. 
Results 
A total of 817 questionnaires (response rate of 45.4%) were returned. Only complete 
questionnaires (n=778) were included in the current study, obtained from athletes 
practicing team sports (26.7%), athletics (14.3%), water sports (12.3%), cycling (11.4%), 
swimming (8.7%) and other sports (26.6%). The median duration for completing the 
total questionnaire was 22 minutes.  
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Table 1. Subject characteristics. 
 Total Dietary counselling No dietary counselling 
Respondents (n) 778 332 446 
Men (n) 407 (52%) 146 (44%) 261 (59%)* 
Elite status 394 (51%) 229 (69%) 103 (23%)* 
Body mass index (BMI) 22.2±2.5 22.1±2.5 22.2±2.6 
Age (year) 24.7±9.6 22.5±6.2 26.4±11.2† 
Exercise (hours/ week) 17.1±10.1 21.1±11.9 14.1±7.1† 
Data is reported as the number of respondents, frequencies or mean±sd.  
*Significantly different compared with dietary counselling group based on independent t-test (P<0.05). 
†Significantly different compared with dietary counselling group based on Mann-Whitney U test (P<0.01). 
 
Subject characteristics are shown in Table 1. Fifty-one percent of the respondents held 
an elite athlete status as per the Dutch Olympic Committee (NOC*NSF). An equal per-
centage of men (52.3%) and women (47.7%) completed the questionnaire. Forty-three 
percent of the respondents were currently receiving dietary counselling. The groups 
currently receiving and not receiving dietary counselling differed with respect to gen-
der, elite status, age and weekly exercise duration (Table 1), while those receiving coun-
selling were more frequently female, in possession of an elite status, younger and hav-
ing a higher weekly exercise volume. In the group of athletes currently not receiving 
dietary counselling, 86 persons received dietary counselling in the past. 
Prevalence of nutritional supplement use  
The prevalence of the use of any nutritional supplement was found to be 97.2% at any 
time in the past, and 84.7% over the last 4 weeks. Table 2 displays the use of individual 
nutritional supplements by athletes at any time in the past and over the last 4 weeks. 
The use of nutritional supplements over the last 4 weeks specified by supplement cate-
gory is shown in Supplementary Table 1.  
 
Table 2. Prevalence (%) of nutritional supplement use ever and last four weeks (n=778). 
 Any time in the past Last four weeks 
Dietary supplements   
Multivit-min 63.4 42.9 
Vitamin C 37.0 23.1 
Vitamin D 29.2 20.2 
Fish oil/ essential fatty acid 29.2 15.9 
Iron 27.1 11.3 
Magnesium 24.7 14.5 
Combivitamin 22.8 12.9 
Combimineral 13.9 9.3 
Zinc 13.6 8.2 
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 Any time in the past Last four weeks 
B-complex 12.6 5.0 
Vitamin B12 11.8 5.0 
Calcium 9.6 5.9 
Vitamin E 6.0 3.5 
Anti-oxidants 5.9 2.3 
Vitamin B6 5.1 3.0 
Folic acid 4.9 2.8 
Selenium 3.7 2.4 
Vitamin B1 3.6 2.1 
Vitamin B2 3.0 1.9 
Chromium 2.8 1.5 
Retinol 2.4 1.5 
ß-carotene 1.8 0.9 
Sport nutrition products   
Isotonic sports drink 46.3 34.1 
Recovery drink 46.0 33.5 
Energy bar 43.7 25.6 
Protein shake 42.3 29.7 
Energy drink 40.2 24.8 
Dextrose 37.4 9.5 
Lemonade/ sirup 28.9 18.3 
Energy gel 26.1 12.1 
Protein bar 23.7 12.7 
Isotonic sports drink with protein 17.6 10.9 
Maltodextrin 4.0 1.8 
Ergogenic supplements   
Caffeine 22.9 13.0 
Creatine 18.8 9.1 
Beetroot juice/ nitrate 16.2 4.2 
BCAA/ AA* 14.4 9.1 
Probiotics 13.0 6.9 
ß-alanine 12.3 4.6 
MCT* 6.0 3.7 
Sodium bicarbonate 4.2 0.8 
L-carnitine 3.9 2.1 
Glucosamine-chondroitine 3.2 1.7 
Herbs 1.9 1.2 
Ribose 1.9 0.8 
Oil (to improve performance) 1.0 0.6 
CLA* 0.6 0.4 
*BCAA/ AA: branched-chain amino acids/ amino acids; MCT: medium-chain triglycerides; CLA: conjugated 
linoleic acid.  
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The top 5 ranked dietary supplements used over last 4 weeks were combined multi-
vitamin and mineral preparations (42.9%), vitamin C (23.1%), vitamin D (20.2%), essen-
tial fatty acids (15.9%) and magnesium (14.5%). The top 5 ranked sport nutrition prod-
ucts were isotonic sports drinks (34.1%), recovery drinks (33.5%), protein shakes 
(29.7%), energy bars (25.6%) and energy drinks (24.8%). In the category ergogenic sup-
plements, caffeine (13.0%), creatine (9.1%), BCAA/ amino acids (9.1%) and probiotics 
(6.9%) were most frequently used. Twenty-one of the total 47 pre-specified nutritional 
supplements were reported by less than 5% of the athletes.  
Dietary counselling and nutritional supplement use 
In the group of athletes receiving dietary counselling 87.0% reported the use of any 
nutritional supplement over the last 4 weeks compared with 83% in the group of ath-
letes not receiving dietary counselling. The total number of supplements used over the 
last 4 week by athletes receiving dietary counselling (5.0±4.4 supplements) was similar 
to that in athletes not receiving dietary counselling (4.4±4.8 supplements; adjusted PR 
0.72 [CI 0.48-1.07]; P=0.11).  
The prevalence of the use of pre-defined dietary supplements (DS) in athletes with 
and without dietary counselling is shown in Figure 1. After adjustment for gender, elite 
status, age and weekly exercise duration (Table 3), dietary counselling was associated 
with a higher prevalence of the use of vitamin D (27.2% vs. 15.0%; PR 1.53 [95% CI: 
1.13-2.08]). Conversely, dietary counselling was inversely associated the use of com-
bined vitamin preparations (10.5% vs. 14.6%; PR 0.61 [95% CI: 0.39-0.94]), calcium (3.3 
vs. 7.8%; PR 0.33 [95% CI: 0.16-0.66]), vitamin B2 (1.2 vs. 2.5%; PR 0.29 [95% CI: 0.09-
0.93]) and retinol (0.9 vs. 2.0%; PR 0.21 [95% CI: 0.05-0.95]). 
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Figure 1. Prevalence of dietary supplement use during the last 4 weeks and differences between those receiv-
ing dietary counselling or not. 
* Significant difference based on prevalence ratios based on log binomial regression with counselling as 
predictor adjusted for elite status, gender, age and weekly exercise duration. 
 
The prevalence of the use of pre-defined sport nutrition products (SNP) in athletes with 
and without dietary counselling is shown in Figure 2. After adjustment for gender, elite 
status, age and weekly exercise duration (Table 3), dietary counselling was associated 
with a higher prevalence of the use of recovery drinks (43.7% vs. 26.0% (PR 1.35 [95% 
CI: 1.11-1.64]), energy bars (29.8% vs. 22.4%; PR 1.33 [95% CI: 1.02-1.75]), isotonic 
sport drinks with protein (15.7% vs. 7.4%; PR 1.78 [95% CI: 1.14-2.78]) and dextrose 
(12.0% vs. 7.6%; PR of 1.58 [95% CI: 1.00-2.49]). In contrast, dietary counselling was 
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associated with a lower prevalence of the use of energy drinks (27.4% vs. 21.4%; PR 
0.75 [95% CI: 0.57-0.98]). 
 
 
Figure 2. Prevalence of sport nutrition product use during the last 4 weeks and differences between those 
receiving dietary counselling or not. 
* Significant difference based on prevalence ratios based on log binomial regression with counselling as 
predictor adjusted for elite status, gender, age and weekly exercise duration. 
 
The prevalence of the use of pre-defined ergogenic supplements (ES) in athletes with 
and without dietary counselling is shown in Figure 3. After adjustment for gender, elite 
status, age and weekly exercise duration (Table 3), dietary counselling was associated 
with a higher prevalence of the use of beta-alanine (7.2% vs. 2.7%; PR 2.66 [95% CI: 
1.37-5.14]) and sodium bicarbonate (1.8% vs. 0.0%; PR 6.53 * 107 [95% CI: 2.41 * 107-
1.77 * 108]). In contrast,  dietary counselling was associated with a lower prevalence of 
the use of BCAA/ amino acids (10.8% vs.6.9%; PR 0.50 [95% CI: 0.29-0.87]). 
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Figure 3. Prevalence of ergogenic supplement use during the last 4 weeks and differences between those 
receiving dietary counselling or not. 
* Significant difference based on prevalence ratios based on log binomial regression with counselling as 
predictor adjusted for elite status, gender, age and weekly exercise duration. 
BCAA/ AA: branched-chain amino acids/ amino acids; MCT: medium-chain triglycerides; CLA: conjugated 
linoleic acid.  
 
Table 3. Crude and adjusted prevalence ratios (95% CI) for nutritional supplement use over the last four weeks 
according to current dietary counselling (n=778). 
 Crude PR Adjusted PR† 
Dietary supplements   
Multivitamin-mineral 1.11 (0.96-1.28) 1.08 (0.92-1.26) 
Vitamin D 1.66 (1.26-2.18)* 1.53 (1.13-2.08)* 
Vitamin C 0.90 (0.70-1.12) 0.78 (0.59-1.03) 
Fish oil/ essential fatty acid 0.82 (0.62-1.08) 0.87 (0.64-1.17) 
Magnesium 0.79 (0.56-1.11) 0.69 (0.47-1.02) 
Combivitamin 0.66 (0.46-0.97)* 0.61 (0.39-0.94)* 
Iron 0.90 (0.61-1.33) 0.76 (0.49-1.17) 
Combimineral 0.66 (0.42-1.04) 0.65 (0.39-1.08) 
Zinc 0.84 (0.53-1.35) 0.67 (0.42-1.11) 
Calcium 0.39 (0.20-0.75)* 0.33 (0.16-0.66)* 
Vitamin B12 1.17 (0.64-2.15) 1.05 (0.54-2.04) 
B-complex 0.86 (0.46-1.59) 0.66 (0.31-1.40) 
Vitamin E 0.52 (0.23-1.17) 0.31 (0.13-0.78)* 
Vitamin B6 0.95 (0.42-2.13) 0.77 (0.29-2.04) 
Folic acid 0.85 (0.37-1.97) 0.41 (0.15-1.14) 
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 Crude PR Adjusted PR† 
Selenium 0.57 (0.22-1.48) 0.36 (0.13-1.01) 
Anti-oxidants 0.62 (0.24-1.62) 0.31 (0.09-1.14) 
Vitamin B2 0.45 (0.14-1.39) 0.29 (0.09-0.93)* 
Vitamin B1 0.96 (0.36-2.54) 0.68 (0.24-1.95) 
Chromium 0.41 (0.11-1.50) 0.36 (0.13-1.15) 
Retinol 0.41 (0.11-1.50) 0.21 (0.05-0.95)* 
ß-carotene 0.49 (0.10-2.52) 0.23 (0.03-1.55) 
Sport nutrition products   
Recovery drink 1.35 (1.14-1.60)* 1.35 (1.11-1.64)* 
Isotonic sports drink 1.21 (1.01-1.46)* 1.13 (0.92-1.39) 
Protein shake 0.99 (0.83-1.21) 1.06 (0.85-1.30) 
Energy bar 1.27 (1.01-1.60)* 1.33 (1.02-1.75)* 
Energy drink 0.75 (0.58-0.95)* 0.75 (0.57-0.98)* 
Lemonade/ sirup 0.79 (0.58-1.06) 0.85 (0.59-1.23) 
Protein bar 1.29 (0.91-1.85) 1.19 (0.79-1.79) 
Isotonic sports drink with protein 2.02 (1.34-3.03)* 1.78 (1.14-2.78)* 
Energy gel 0.63 (0.42-0.94)* 0.76 (0.49-1.17) 
Dextrose 1.51 (0.98-2.32) 1.58 (1.00-2.49)* 
Maltodextrin 0.35 (0.98-1.24) 0.41 (0.07-2.28) 
Ergogenic supplements   
Caffeine 0.93 (0.66-1.30) 1.16 (0.79-1.71) 
Creatine 1.25 (0.82-1.91) 1.26 (0.82-1.94) 
BCAA/ AA§ 0.52 (0.32-0.82)* 0.50 (0.29-0.87)* 
Probiotics 2.12 (1.26-3.58)* 1.48 (0.79-2.77) 
ß-alanine 2.30 (1.19-4.48)* 2.66 (1.37-5.14)* 
Beetroot juice/ nitrate 0.96 (0.50-1.85) 1.41 (0.67-2.98) 
MCT§ 0.86 (0.43-1.73) 0.82 (0.41-1.67) 
L-carnitine 0.69 (0.26-1.87) 0.96 (0.35-2.61) 
Glucosamine-chondroitine 0.72 (0.24-2.16) 0.80 (0.29-2.21) 
Sodium bicarbonate 1.69E-9 (7.68E-8-3.70E-9)* 6.53E-7 (2.41E-7-1.77E-8)* 
Herbs 0.58 (0.16-2.27) 0.18 (0.03-1.25) 
Ribose 2.56 (0.47-13.88) 2.84 (0.30-26.63) 
Oil (to improve performance) 1.59 (0.27-9.37) 2.88 (0.40-20.87) 
CLA§ 0.53 (0.05-5.77) 0.64 (0.07-6.16) 
Prevalence ratios were calculated based on log binomial regression with counselling as predictor. 
*Significant difference based on P<0.05. 
†Adjusted for elite status, gender, age and weekly exercise duration. 
§BCAA/ AA: branched-chain amino acids/ amino acids; MCT: medium-chain triglycerides; CLA: conjugated 
linoleic acid.  
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Elite athletic status and gender 
Regardless of dietary counselling, various significant differences in the prevalence of 
nutritional supplement use were observed between athletes with and without an elite 
status. After adjustment for dietary counselling, gender, age and weekly exercise dura-
tion, athletes with an elite status reported a higher prevalence of the use of zinc (11.2% 
vs. 5.2%; PR 2.28 [95% CI: 1.36-3.81]), vitamin E (4.1% vs. 2.9%; PR 2.44 [95% CI: 1.08-
5.50]), folic acid (4.3% vs. 1.3%; PR 4.74 [95% CI: 1.50-14.98]), isotonic sports drinks 
(39.1% vs. 28.9%; PR of 1.33 [95% CI: 1.09-1.61]), protein bars (17.0% vs. 8.3%; PR 1.54 
[95% CI: 1.01-2.36]), isotonic sports drink with protein (13.2% vs. 8.6%; PR 1.62 [95% CI: 
1.04-2.53]) and probiotics (10.7% vs. 3.1%; PR 2.01 [95% CI: 1.01-4.01]). In contrast, a 
lower prevalence of the use of lemonade/sirup (14.0 vs. 22.7%; PR of 0.62 [95% CI: 
0.43-0.89]) and energy gels (8.4 vs. 15.9%; PR 0.62 [95% CI: 0.41-0.93]) was observed in 
athletes with an elite status. 
Besides dietary counselling and elite status, also gender affected the use of several 
dietary supplements. After adjustment for dietary counselling, elite status, and weekly 
exercise duration, male athletes reported a lower prevalence of the use of iron supple-
ments compared with female athletes (7.9 vs. 15.1%; PR 0.55 [95% CI: 0.35-0.87]). In, 
contrast, male athletes reported a higher prevalence of the use of vitamin B-complex 
(6.4% vs. 3.5%; PR 2.25 [95% CI: 1.04-4.88]), recovery drinks (36.1% vs. 30.7%; PR 1.27 
[95% CI: 1.07-1.51]), energy bars (27.8% vs. 23.2%; PR 1.33 [95% CI: 1.03-1.73]), energy 
drinks (29.2% vs. 19.9%; PR 1.43 [95% CI: 1.10-1.86]), energy gels (15.2% vs. 8.6%; PR 
1.58 [95% CI: 1.02-2.43]), isotonic drinks with protein (13.0% vs. 8.6%; PR 2.01 [95% CI: 
1.29-3.12]) and caffeine (16.7% vs. 8.9%; PR 1.77 [95% CI: 1.18-2.64]).   
Discussion 
The vast majority of the competitive athletes involved in the present study reported 
current or at least previous use of nutritional supplements. The top ranked dietary sup-
plements, sport nutrition products and ergogenic supplements consisted of multivita-
min and mineral preparations, isotonic sports drinks and caffeine, respectively. Interest-
ingly, athletes receiving dietary counselling reported a higher use of vitamin D, recovery 
drinks, isotonic sports drinks, isotonic sports drinks with protein, energy bars, probiot-
ics, beta-alanine and sodium bicarbonate. Conversely, athletes not receiving dietary 
counselling reported a higher use of combined vitamin preparations, calcium, energy 
drinks, energy gels and BCAA/ other amino acids. Besides dietary counselling, use of 
nutritional supplements also appeared to be  affected by having an elite status and 
gender.   
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Prevalence 
The overall prevalence of nutritional supplement use observed in the current study was 
higher than in most,3, 18, 21 but not all6, 18 previous studies.  
The average total number of supplements reported by the athletes in our study  also 
appeared to be higher compared with most previous findings. For example, a study in 
Canadian athletes reported 3.1 ± 1.9 supplements per athlete,17 compared with 4.7 ± 
4.6 supplements in the current study. The relatively high prevalence of nutritional sup-
plement use might be explained by the growing interest in nutrition and the increased 
availability of nutritional supplements. This is also reflected by the increase in nutrition-
al supplement use in the general population both in Europe and the US.8, 9, 24 Further-
more, new nutritional supplements are continuously becoming available.12, 25 For exam-
ple, this is the first study that reports the prevalence of the use of the ‘new’ supplement 
beetroot juice/ nitrate amongst competitive athletes (Table 2). Another explanation for 
the high prevalence of nutritional supplement use in the current study might be the 
high number of athletes included that compete on an international level.17  
In line with our hypothesis, we observed a different pattern of nutritional supplement 
use in athletes receiving dietary counselling compared with athletes not receiving dietary 
counselling. It is interesting to note that many nutritional supplements which could be 
listed as useful or enhancing performance,26 were more frequently used by athletes 
receiving dietary counselling. Such nutritional supplements include vitamin D (classified 
as dietary supplement),  recovery drinks, energy bars, protein bars, isotonic drinks with 
protein and dextrose (classified as sport nutrition products) and beta-alanine and sodium 
bicarbonate (classified as ergogenic supplements). Vitamin D, for example, has recently 
regained interest in the sports community,27 as many athletes appear to be vitamin D 
deficient.28 Other examples are the use of sodium bicarbonate and beta-alanine, which 
are backed by recent meta-analyses.29, 30 Some nutritional supplements were less fre-
quently reported by athletes receiving dietary counselling,  including some individual 
vitamins and minerals that are less likely associated with nutritional deficiencies, and 
health or performance benefits, such as retinol, vitamin B2, and calcium.  
Dietary counselling 
The group of athletes receiving dietary counselling was characterized by a higher propor-
tion of athletes holding an elite status (69% vs. 23%) and a higher weekly exercise dura-
tion compared with athletes not receiving dietary counselling. After adjustment for die-
tary counselling, age, and weekly exercise duration, holding an elite status was associat-
ed with a higher prevalence of the use of 7 nutritional supplements (zinc, vitamin E, folic 
acid, isotonic sports drinks with and without additional protein, protein bars and probiot-
ics). The higher use of zinc and probiotics by athletes with an elite status can explained 
by the fact that both supplements are advocated by the medical teams of Dutch elite 
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athletes as part of the infection prevention program. Isotonic sport drinks are free of 
charge for Dutch athletes with an elite status, which might explain the higher use in elite 
status holders. In our opinion it is less likely that training intensity, duration or volume 
affect the use of nutritional supplements by elite status holders, as the athletes without a 
formal NOC*NSF elite status were still competing at the highest national or international 
level. Therefore, it can be speculated that the organization of the athletes’ team staff, 
and financial and sponsor resources, rather than training characteristics affects the use 
of nutritional supplements by  elite status holders. Besides dietary counselling and elite 
status, a small number of gender differences were found in the present study. The higher 
prevalence of iron supplement use in women is not surprising when considering the 
higher iron requirements of females.31 We observed higher prevalences of the use of 
recovery drink, energy drink and energy gel in male athletes compared with women, 
which might be explained by the higher energy requirements in males. 
A strength of the current study is the large sample size and the variety of sport dis-
ciplines included in our study. Supplements were reported over two different time 
frames (last 4 weeks and at any time during sports career). Despite the fact that many 
nutritional supplements are used in a periodised way throughout the year we included 
questionnaires during the whole year therefore reflecting the whole year cycle.  
As reporting the  use of nutritional supplements over the last 4 weeks may misesti-
mate the true prevalence of supplement use, we recommend that future question-
naires should also include a longer time frame, e.g. of one year, to better cover long-
term nutritional supplement cycles. As athletes could only report the use of pre-defined 
nutritional supplements, the true prevalence of nutritional supplements might have 
been underestimated. Particularly the popularity of ergogenic supplements is changing 
quickly, and new ergogenic supplements are frequently introduced. Nevertheless, the 
pre-defined list of nutritional supplements was carefully developed and based on the 
input of athletes and nutritional experts working with athletes. As such, it can be argued 
that  most relevant nutritional supplements used by Dutch athletes were present. 
In conclusion, our study confirms widespread use of nutritional supplements by 
Dutch competitive athletes, but also underlines that dietary counselling plays a role in 
the choice of nutritional supplements. More specifically, athletes receiving dietary 
counselling seem to make better choices regarding nutritional supplement use com-
pared to athletes that do not receive dietary counselling.  
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Supplementary Table 1. Total nutritional supplement prevalence and use per category of supplements as % of 
the total number of athletes over the last 4 weeks. 
 Total prevalence  Use per category or for combined categories 
 DS SNP ES  No use Only DS Only SNP Only ES DS 
and SNP 
DS 
and ES 
SNP 
and ES 
DS, SNP 
and ES 
n 458 574 246  119 65 163 5 185 15 33 193 
% 58.9 73.8 31.6  15.3 8.4 21.0 0.6 23.8 1.9 4.2 24.8 
n= number of respondents, %= percentage based on total group of 778 respondents. 
DS= dietary supplements, SNP= sport nutrition products, ES= ergogenic supplements. 
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The research presented in this thesis focussed on the intake of nutrients, via diet, die-
tary supplements and sport nutrition products, of (sub-)elite athletes in the Nether-
lands. It is centred around the Dutch Sport Nutrition and Supplement Study (DSSS), 
which provided the core of the data on energy, macronutrient, and micronutrient in-
take in a group of 553 athletes performing in the highest level categories. These findings 
were further elaborated in view of the intake by specific sub-groups and existing guide-
lines and developments in the field. Attention was also paid to specific methodological 
challenges. This final chapter starts with an overview of the main outcomes, followed by 
a section on methodological considerations.  Next, the intake data are further discussed 
in terms of existing recommendations. Finally, directions for further research and prac-
tical applications are described.   
7.1 General outcomes 
The results presented in this thesis add to our present knowledge by providing a most 
up-to-date insight in the dietary habits and nutrient intake levels of a diverse and rela-
tively large group of well-trained athletes practicing sports at the highest competitive 
levels. Quite remarkably, recent surveys of a comparable size are scarce in the litera-
ture, and for example the last nationwide study in the Netherlands dates back more 
than 25 years. Since then training methods have changed considerably, various dietary 
supplements and sport nutrition products have been introduced, and nutrition has 
become a prominent element in the athlete’s lifestyle. Our survey also adds to preced-
ing studies by the application of validated web-based methods for dietary assessment. 
In addition to focusing on nutrient intake itself, the thesis addresses a number of practi-
cal issues that are characteristic of this population and some general methodological 
challenges in dietary assessment research. Finally, the use of dietary supplements and 
sport nutrition products, not only by athletes but also by the general population, was 
investigated. 
A description of the most important results per chapter follows:  
Chapter 2 commences with a comparison of combined-, multiple-, 24-hour recalls and 
questionnaires, with measurements of 24-hour urine nitrogen excretions. Our main 
conclusion is that 24-hour recalls and accompanying questionnaires underestimated 
protein intake in young elite athletes to the same extent as reported for non-athlete 
populations. The method proved to be suitable for ranking athletes according to their 
protein intake as needed in epidemiological studies. On an individual level, the magni-
tude of underestimation was approximately equal for all athletes except for those with 
a very high protein intake. From these findings we concluded that 24-hour recalls plus 
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accompanying questionnaires are useful to estimate  dietary intake at  a group level and 
for ranking athletes according to their protein intake. 
Chapter 3a and chapter 3b describe the results of the initial part of the Dutch Sport 
Nutrition and Supplement Study (DSSS) which was based on two key questions: The first 
question is whether there are differences in nutritional intake between categories of 
athletes (endurance, strength and team sports) and the second question is whether 
athletes who are using or not using nutritional supplements are at potential risk of too 
high or too low intakes of micronutrients? 
Small differences in energy and macronutrient intakes were found between athletes 
from different disciplines, with endurance athletes mainly consuming higher amounts of 
energy and macronutrients. It was found that on average athletes were able to meet 
the estimated average requirement (EAR) for carbohydrate and protein as defined for 
the Dutch general population.  
Most of the athletes met protein, but not carbohydrate, sports nutrition recom-
mendations as currently in use. No substantial differences in carbohydrate and protein 
intake were seen between sports categories. Athletes in our study population were 
found to be at risk of a suboptimal intake of vitamin D, vitamins B1, B2 and vitamin A. 
Non-users were also at risk for low intakes of vitamin B3, vitamin C and selenium. At the 
same time users of supplements were not likely to exceed  the upper level (UL) of cer-
tain micronutrients, except for vitamin B3. 
Chapter 4 describes the nutritional intake of runners in preparation for an ultra-
marathon, and their nutritional intake during a competition day. Sports nutrition rec-
ommendations were in general not achieved by their habitual diets. In men and wom-
en, habitual mean carbohydrate (CHO) intake was lower than recommended by most 
guidelines, the same being true for mean protein intake by women. CHO intake during 
the race was <60 g/h in 75% of the athletes. A large variation in nutrient and fluid intake 
was seen, which may be related to a high incidence of GI distress during the race: 82% 
of the runners reported GI complaints, although the incidence of severe GI distress was 
low.  
Chapter 5 presents an overview of the use of dietary supplements and sport nutri-
tion products in the general population, obtained from a web-based questionnaire as 
part of the Dutch National Sport Study (NSO). The study distinguished between the use 
of dietary supplements and that of sport nutrition products. It showed a two-third prev-
alence of athletes using these products combined. In conjunction with improving 
health, improvement of physical performance appeared to be an important objective, 
even amongst  individuals who are not very physically active, and it can be questioned 
whether the use of these energy-containing sport nutrition products fits all respond-
ents’ physical activity needs.  
Finally, chapter 6 further analyses the results of the general questionnaire on sup-
plement use as part of the DSSS. It was shown that almost all athletes (97%) taking part 
in our survey had used nutritional supplements at some time during their athletic ca-
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reers. When current use in the last 4 weeks was related to the question whether ath-
letes were receiving dietary counselling or not, those receiving counselling reported 
better informed choices with respect to their nutritional supplement use. This was in 
line with available data in the literature. 
7.2 Methodological considerations 
Considering our relatively large total sample size, the diversity of sports disciplines cov-
ered and  the fact that we validated our methods in a subsample of the same  popula-
tion1, we believe having obtained a representative overall insight in the dietary habits 
and nutrient intake levels of competitive (Dutch) athletes. In our assessment we applied 
a probability approach and/or cut-off approach to estimate the prevalence of intake 
below EAR,2 which are the preferred assessment techniques at group level as proposed 
in the literature. An important finding was that the nutritional intake of many well-
trained competitive athletes is not always in line with both general recommendations 
(micronutrients) or with sports nutrition recommendations (carbohydrates). In view of 
this, the question arises as to what extent this might affect performance and (or) gen-
eral health of these athletes. 
Dietary assessment 
The method used in the present study was found to underestimate dietary intake to a 
similar extent as seen in other populations. As shown in our validation study (chapter 2) 
it is fairly accurate for ranking individuals. As part of dietary counselling, food records 
are generally used to describe individual athletes’ nutritional intake.3 When web-based 
24-hour recalls are becoming available these could be of additional value to the existing 
portfolio.  
In addition to the studies described in the thesis we also conducted a small pilot 
study  in which we examined whether a comparison could be made between our 24 
hour recall plus accompanying questionnaire method, and the method used by a previ-
ous survey which collected 3 day food records of Dutch athletes in preparation for the 
2004 Olympic Games in Sydney.4 To this end we compared 24-hour recall data with 
randomly conducted, but day to day matched, 3-day food records within a sub-sample 
of rowers, speed skaters and soccer players from the present Dutch Sport Nutrition and 
Supplement Study (9 men and 26 women). This provided us with some information 
about the comparability between currently and previously collected data using different 
methods within a sample of well-trained competitive athletes. The methods generated 
similar results, with a difference in energy intake of -0.8% (95% CI: -7.7 – 6.2%) and in 
protein intake of +1.1% (95% CI: -8.6 – 10.8%) in the 3-day food records compared to 
24-hour recalls. The data revealed a good correlation between both methods for re-
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ported energy intake (r= 0.69) and protein intake (r= 0.55), respectively. As such, we 
found good agreement between 24-hour recalls and 3-day records to assess mean 
group intake and to rank individuals according to their intake. Thus, results from 24-
hour recalls and 3-day food records may be comparable  although both methods may 
not be perfect and probably have similar systematic errors.  
Variability of dietary intake 
Within- and between person variation can be seen as indicators of consistency in the 
dietary pattern at population level and not much is known about the variation of the 
athletes’ diet. Not described in the preceding chapters, we calculated the variation 
within and between subjects (CVW and CVb) for energy, macronutrients, fluid and die-
tary fibre intake within the group of 553 athletes analysed in chapters 3a and 3b. In 
men, CVb was comparable for carbohydrates between disciplines in a range of 0.23-
0.27, with a slightly higher value in endurance athletes (0.25) than in team sports (0.20) 
and strength athletes (0.19). The CVw was more or less comparable for all disciplines for 
both carbohydrates and proteins within a range of 0.25-0.29 and 0.28-0.32, respective-
ly. In women we calculated CVb for endurance (0.24), team sports (0.22) and strength 
sports (0.32). The CVb for protein was also comparable in endurance athletes (0.20) and 
team sports athletes (0.17), but strength athletes reported a much higher CVb (0.32). 
The CVw was comparable for all disciplines for carbohydrate (0.28-0.30), but not for 
protein with a range of 0.23 in strength athletes up to 0.32 in team sports athletes. 
Braakhuis et al. (2003) 5 reported CVw in athletes for energy and nutrients that were 
similar to our results. Data was also comparable to a Dutch validation study in 63 men 
and 59 women from the non-athlete population between 20 and 70 years of age. The 
comparable CVw values suggests a consistent dietary pattern. This is somewhat unex-
pected in view of the differences in training days and variation in recommendations 
matching these differences in types of training. Therefore, the question can be raised 
whether the differentiation in recommendations per sport category still reflects reality 
in today’s elite athletes, who are often engaged in concurrent mixed training programs 
and perform multiple training sessions each day.  
Actual intake versus usual intake 
A method that includes at least two days of self reports in the analysis usually provides a 
good estimation of actual dietary intake. This can be useful for specific nutrients, for 
example in case of evaluating carbohydrate intake versus actual needs based on training 
load. On the other hand, when dietary intake is measured to investigate usual intake in 
relation to meeting requirements, statistical models should be applied to better take 
the variation in intake into account. Therefore, we used the ISU method, as proposed by 
Nusser et al (1996)6, and corrected the distribution, especially for within person varia-
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tion, which made it possible to get a good estimate of the mean and distribution of 
usual intake. Although these types of methods are known for years in the field of nutri-
tional epidemiology, their application  in studies reporting nutrient intakes of athletes is, 
to our best knowledge, scarce.  
To investigate nutritional supplement use and intake, different methods were ap-
plied. As part of our dietary intake survey (chapter 3a and 3b) the selected recall days 
were random, covering a representative type and number of days during the period of 
data collection. Therefore we can assume that our estimation of the use of nutritional 
supplements based on multiple 24-hour recalls and questionnaires should closely repre-
sents the current daily intake. The other studies mainly investigated the usual preva-
lence of nutritional supplements (chapter 5 and 6). The reporting of both groups, using 
different methods is showing a large overlap. Still, as we were not able to compare both 
methods with an independent standard, we can only speculate about their accuracy. 
The fact that the total groups of athletes included in both studies were too different 
made it difficult to compare results in this light. In future research and in daily practice 
both methods should be combined providing a complementary perspective on nutri-
tional supplement use. This enables sport dieticians to get insight in both actual as usual 
or even periodised nutritional supplement use. 
7.3 Dietary intake 
Our studies were performed to obtain insight in nutrient intake of different groups of 
athletes and to evaluate actual or usual intake against the most relevant recommenda-
tions. Intake of protein and most micronutrients was found to be in line with guidelines, 
but in general carbohydrate intake was at its best at the lower end of the available sport 
nutrition recommendations. Besides, intakes of some micronutrients were low, which 
was particular the case with some vitamins. This paragraph discusses the apparent 
discrepancy between carbohydrate intake and the available recommendations. It elabo-
rates on the shortcomings of this study by not measuring blood- or urine values to as-
sess micronutrient status and it discusses the positive role dietary counseling could 
have in making good (dietary) choices. 
Carbohydrate intake levels 
Guidelines for carbohydrates, providing direct energy during exercise, are designed to 
optimize performance during training and in competition. Furthermore, carbohydrate 
intake is recommended to restore glycogen stores after exercise. Mean carbohydrate 
intake in 98% of the athletes involved in the present study was found to be between 1.9 
and 8.4 g of carbohydrate per kg/bw. However, as shown in this thesis, intake levels of 
the athletes were mainly below 5 g/kg/bw, which is generally  considered a moderate 
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intake level. The ACSM proposes a range for carbohydrate intake of 6-10 g/kg/bw, while 
the ISSN and IOC suggest a range from 3-5 g/kg/bw per day, up to 12 g of carbohydrate 
per kg/bw per day.7 The reasoning underlying these recommendations differs between 
institutions. The ISSN states that the lower recommendation can be applied to those 
generally physically active for 30-60 minutes per day up to 3-4 times a week. The IOC 
only says that this range is applicable to those performing at low-intensity or during 
skill-based activities.7 This is in contrast to the athletes included in the present study 
who trained at least 9 hours a week, performing at the highest level in their discipline. 
Consequently, their training intensity and total work load appears to be higher than 
referred to by these ISSN and IOC recommendations. From that perspective it would 
have been expected that the athletes from our study would have consumed higher 
amounts of carbohydrates than mentioned in these ISSN and IOC recommendations. 
Although there are no indications that the athletes involved experienced any limitations 
in their performance that could be ascribed to an energy deficit, the question could be 
raised whether higher carbohydrate intake levels would have been more effective and 
led to a further increase in performance of these athletes. In other words; are these 
values optimal and do the guidelines fit the real needs of athletes?  
This apparent discrepancy is fuelled by discussions that the recommendation for 
high carbohydrate intake levels is based on findings from only a small number of longi-
tudinal studies. However, these studies did show clear and consistent benefits in terms 
of training adaptations and performance, at carbohydrate intake levels as high as those 
currently advised by the recommendations.8, 9 Needless to say these types of studies are 
practically difficult to perform, and it may be questioned whether the protocols used to 
measure performance were always suitable for detecting small but relevant improve-
ments.10 
By contrast, other studies suggest that athletes can adapt to lower muscle glycogen 
stores resulting from a more moderate carbohydrate intake such that it does not impair 
training or competition outcomes.11 It is also of interest to note that low carbohydrate - 
high fat diets (LCHF) are receiving increasing attention in recent years, both outside and 
inside the field of sports nutrition. Although the evidence appears to be largely anecdo-
tal thus far, it has been suggested that there may be a few scenarios where low carbo-
hydrate diets can be of benefit, or at least are not detrimental, for sports performance 
or trainability.12 Notwithstanding the development of this discussion, it shows that 
there is a need for better recognition of current sports nutrition guidelines that pro-
mote an individualized and periodised approach to fuel availability during training and 
competition, resulting in optimal utilization of all muscle substrates. Because of the 
considerable inter-individual differences there is presently insufficient rationale for truly 
personalized nutrition for the majority of people. Therefore it was proposed that preci-
sion nutrition, based on the individual genetic, environmental and (or) behavioural 
variance (‘lifestyle’ ) within each person may provide a more effective basis for adjusting 
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diet dynamically, with recognition of varying physiological demands and requirements 
over time.13 
Taken together it seems that the evidence supporting the viewpoint that high car-
bohydrate diets are superior to a moderate carbohydrate intake in improving perfor-
mance and training adaptations is scientifically sufficiently substantiated.11 On the other 
hand, a large variation may still exist in the athletes’ personal carbohydrate needs and 
dietary intake. As a consequence it is conceivable that the debate on carbohydrate 
requirements by athletes will continue in the near future. These discussions are further 
fuelled by reports, be it anecdotal or based on scientific studies, suggesting positive 
effects of ketones, and by different viewpoints including low CHO training and high fat 
diets.  
Micronutrients intake levels 
A large number of individual athletes probably do not meet their micronutrient re-
quirements with their basal diet. Most critical nutrients for all athletes were vitamin D, 
vitamin A, vitamin B1 and B2, and iron for women. This in turn leads to the question 
whether these low intakes might have negative physiological effects and (or) impact the 
general health and performance of these athletes. Considering the large number of 
athletes showing intakes below the AR, the development of certain deficiencies over 
time might be possible. 
As with performance, general health is of great importance to athletes, and also de-
pending on adequate nutrition. As general nutrition recommendations are based on 
estimates for the total population,14, 15 which includes those who are very active, these 
could also be applied to athletes, at least as a starting point. It is important to realize 
that recommendations are formulated based on expert consensus and founded on the 
best available evidence at that moment.14, 15 Furthermore, the proposed recommended 
dietary allowance (RDA) should result in a nutrient intake that is sufficient for 98% of 
the population. Therefore, it is possible that some athletes may still have higher needs 
than these recommended levels. However, such specific requirements are difficult to 
estimate a priori and should ideally be obtained by professional supervision and moni-
toring, taking into account  a combination of health status, dietary assessment, blood 
and urine measurements, and performance indicators.3 Despite these considerations, 
we still detected a considerable number of athletes with micronutrient intake levels 
below the estimated average requirement (AR) that should be sufficient for 50% of the 
general population. As the risk of a too high intake of specific nutrients was found to be 
comparable to that of the general Dutch population,16 no negative effects are likely to 
occur if athletes were to include a low-dosed multivitamin to compensate for this.  
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Dietary counselling 
Taken together, our findings suggest that the dietary intake of Dutch top-athletes is 
suboptimal in some respects. Remarkably, a large proportion of the athletes included 
were already receiving some sort of dietary counselling (~50%). Previous research has 
suggested that athletes have a largely positive attitude towards nutrition, but at the 
same time possess only limited knowledge on the subject.17, 18 This emphasizes the 
importance of involving a professional sports dietician.18 Some reports have proposed 
that general dietary counselling and monitoring would be sufficient for most athletes.19 
However, nutritional knowledge, beliefs and practices are extremely diverse in the field 
of sports. Within any sports organisation the dietician or nutritionist must be able to 
work with athletes, their families, coaches and other support staff to develop and moni-
tor realistic and practical strategies that work best for each individual and contribute to 
a positive and sustained performance result.20 As described in chapter 6, self-reported 
use of nutritional supplements by athletes was found to be associated with receiving 
dietary counselling, but this is only a part of the picture. It has previously been de-
scribed that athletes' nutritional knowledge and dietary practices may benefit from 
appropriate nutritional education.17, 21 Also, this nutritional guidance, as in individual 
counselling by an appropriately qualified professional,22 can be effective in the long 
term, for example in case of weight gain in athletes.23 It can be debated whether the 
mainly young athletes in our study possessed enough knowledge and experience from 
to make  proper food choices. Interestingly, the findings of Bettonviel et al. (2015) de-
scribing macronutrient distribution in a subsample of the soccer players that were part 
of the present study, showed, for example, relatively high carbohydrate intake in youth 
players, but not in professional players.24 On a population level, improvement of dietary 
quality is needed, which starts with the athlete making good food choices. Guiding the 
athlete in selecting the best products and differentiating energy and macronutrient 
intake in relation to training and competition should be considered a task for sports 
dieticians and specialised nutritionists.  
7.4 General conclusions and directions for further research 
The most important conclusions of this thesis can be summarized as follows:  
-  Protein intake  by Dutch elite- and sub-elite athletes is in line with currently available 
sports nutrition recommendations.  
-  For carbohydrates, average intake levels appear to be lower than most guidelines 
recommend. This finding merits further research in order to answer the questions 
whether this situation is sub-optimal in terms of performance and recovery, or that 
the guidelines might need to be adapted to the practical situation.  
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-  Only small differences were seen in macronutrient intake between groups of endur-
ance, team and strength athletes. In general, endurance athletes consumed higher 
amounts of energy and macronutrients than athletes from other categories, but not 
always.  
-  Intake via the basal diet of vitamin D, vitamin A, B1 and B2 in men and women, and 
for iron in women was found to be sub-optimal when compared with the estimated 
average requirements (AR).  
-  The use of dietary supplements, but not sport nutrition products, adds to dietary 
intake, but not all athletes consume these types of products. Furthermore,  day to 
day compliance by supplement users is low.  
-  Dutch elite and sub-elite athletes consume higher amounts of nutritional supple-
ments than seen in the Dutch general population. In case of the latter group it can 
be questioned whether there would be any need at all to use these products con-
sidering the personal goals of the individuals  An example is the use of energy drinks 
by a substantial group of respondents with a sedentary lifestyle. 
-  Dietary counselling influences the selection of nutritional supplements, resulting in 
more considered choices by those athletes receiving dietary counselling.  
 
At the same time, our studies leave us with a number of questions that merit further 
research. Initially, the comparability between methods used for dietary assessment in 
athletes needs additional investigation. Little information exists regarding the compara-
bility between the results of multiple 24-hour recalls and other methods used when 
studying athletes.25-28 To the best of our knowledge only one study compared a web-
based program to a face-to-face 24-hour recall in athletes.29 Therefore, methods should 
be validated in athletes. This would make it easier to compare  study results with each 
other. In addition, it will also enable sport dieticians to select the best available method 
to assess the athletes’ diet.  
In the studies described in this thesis, energy expenditure as part of dietary assess-
ment in athletes was not integrated. Nevertheless, it would be very useful to gain more 
insight into total energy expenditure and to evaluate the amount of energy under-
reported for the specific dietary assessment method used in this more than active 
population.30, 31 In view of the time the athletes already needed to report current data , 
we chose not to collect  additional data about exercise. Although we collected infor-
mation on training type, frequency, self-reported exercise time in minutes per day and a 
self-reported appreciation of the burden, all this gave us only an indirect and rough 
estimation of energy expenditure. A combination of doubly labelled water and/ or ac-
celerometers with dietary intake could  be considered for future research in this group 
of athletes. 
Ideally, optimisation of micronutrient status would be supported by measuring 
blood or urinary concentrations. However, this development is still in its infancy with 
mainly iron (i.e. measured as haemoglobin, ferritin and/or transferrin) and vitamin D 
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levels being monitored in athletes frequently. A complicating factor is that there is often 
limited insight in the relationship between a blood (or serum, plasma) level at a particu-
lar point in time and its overall body status, as was for example recently shown for 
magnesium by Terink et al. (submitted).     
Until now no validation studies have been performed with a focus on dietary as-
sessment during exercise. Only a small part of our research investigated dietary intake 
of athletes during competition (chapter 4).32 This was done using a questionnaire and by 
observation. Although observation is the best method available at the moment, it is also 
rather time consuming and therefore expensive. For this reason validated question-
naires for this type of observational research would be useful.  
The development of tools that integrate dietary assessment as part of team pro-
cesses to create a continual data collection (evaluate interventions, different phases of 
periodisation, effect of dietary counselling over time, integrate sport nutrition science 
with competitive sports) is also recommended. Generally speaking, athletes and their 
coaches are most likely to be willing to participate when they are assured that they will 
receive feedback on their dietary and nutritional supplemental intake, within a limited 
time frame. This means that the analysis of the results should be further developed and 
optimized in the  future. Within  the time frame of this research project we already 
developed a number of tools that can be used in dietary counselling of athletes. Imple-
menting research tools as a part of the daily routine of athletes would enable sports 
dieticians to continuously monitor processes and empowers researchers to set up large 
longitudinal studies. Furthermore, this makes it possible to evaluate sports nutrition 
recommendations over time at different phases of periodisation within the same group 
of athletes. Implementation of these recommendations demands for an interdiscipli-
nary way of working within professional sports teams. Should this not yet be the case, 
sports associations and (or) teams should be prepared to invest in (better) sports nutri-
tion policies, including employing sport dieticians and providing budget for sport nutri-
tion products, dietary supplements, and menu planning for training and competition. 
Sports associations should encourage and enable the education of their trainers, coach-
es and other staff in the essentials of nutrition. Finally, sports nutrition policies and 
practices should be evaluated and fine-tuned at a regular basis in terms of their effec-
tiveness and contribution to the performance of athletes. 
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Athletes competing at the highest levels within their sports categories differ from the 
general population in many ways. They are considerably more physically active and 
their daily pattern is characterized by intensive training routines, periodisation and 
competition. Hence, adequate intake of energy and nutrients is of great importance for 
this population to ensure optimal performance and recovery during training or competi-
tion and also to minimize health risks. Several athletes experience difficulties in meeting 
the recommendations or their personal goals.  
Current methods for dietary assessment in athletes still leave much room for im-
provement. The preferred five-step, multiple pass, 24-hour recall method is highly 
standardized and considered to produce a reliable estimation of dietary intake. Next to 
this, other methods are in use, i.e. those using food records, to assess the adequacy of 
the diet of athletes. As recommended for years, the use of estimated average require-
ment (EAR or AR) is preferred as a reference standard, but nevertheless the Recom-
mended Dietary Allowance (RDA) is still most often used for assessment of the athlete’s 
diet. Only a relatively small number of European studies have been published compared 
to those from the USA and Australia. The use of nutritional supplements has increased 
over the years, both by athletes and by the general population, but data relating to the 
dietary intake of-, and nutritional supplement use by athletes in the Netherlands is 
lacking. The same holds true for our knowledge on the current situation regarding in-
take levels from the basal diet of well-trained competitive Dutch athletes. The introduc-
tion of web-based dietary assessment tools makes it possible to include large samples 
at relatively low costs. 
The main objective and starting point of this thesis was to obtain a better under-
standing of the current nutritional intake of (sub)elite athletes in the Netherlands and to 
evaluate current practices in view of the existing guidelines and developments in the 
field. The thesis focuses in particular on the intake of macro and micronutrients from 
the basal diet and the use and contribution of nutritional supplements to these figures. 
The Dutch Sport Nutrition and Supplement Study (DSSS) described dietary intake of a 
large representative group of well-trained competitive athletes belonging to the inter-
national elite, who are the best in their age group or are at least active at the highest 
national level in their sport disciplines. All athletes exercised for more than 9 hours a 
week, and in many cases multiple times a day. The novelty of this study arises from its 
use of properly validated dietary assessment and evaluation methods and the large 
sample size collected in a relatively short amount of time (3 years). Since the beginning 
of this century only a limited number of studies have been published with such a large 
sample size comparable to the present studies for, a: the dietary assessment survey 
described in chapters 3a and 3b (n=553, including both men and women categorized in 
the disciplines of endurance, team and strength sports based on 20 different types of 
sports) and the cross-sectional nutritional supplement questionnaires, and b: the gen-
eral population (n=1544, both men and women representing ages in a range of 15-80 
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years), and c: elite athletes (n=778, both men and women, of which 51% had an elite 
status from the Dutch Olympic committee).  
Chapter 2 describes the validation of the method used, specifically focussing on pro-
tein intake. A representative group from the DSSS, consisting of 47 Dutch elite and tal-
ented athletes was included. Estimated mean dietary protein intake was 110±33.0 g/d 
estimated by 24-hour recalls and questionnaires, versus 141±38.2 g/d based on Nitro-
gen excretions in urine. The difference was 25.5±21.3% between the methods (P<0.05) 
which  is comparable to results reported previously in other (more sedentary) popula-
tions. We found a reasonably good association between methods for protein intake of 
0.65 (95% CI 0.45-0.79). On an individual level, under-reporting was greater with higher 
protein intake than with lower intake. In conclusion, combined, multiple, 24-hour recalls 
and questionnaires underestimated protein intake in these young elite athletes equal to 
that reported for non-athlete populations. The method proved to be suitable for rank-
ing athletes according to their protein intake as needed in epidemiological studies. On 
an individual level, the magnitude of underestimation was about equal for all athletes, 
except for those with very high protein intake. 
Chapter 3a describes the use of web-based 24-hour dietary recalls and question-
naires obtained within a 2-4 week period for 553 Dutch well trained athletes (20.5±4.5 
years for men and 20.7±5.4 years for women). On average 2.83 days per person were 
reported with energy intake ranging between 2566-2985 kcal and 1997-2457 kcal for 
men and women, respectively. Mean intake of energy and macronutrients of male en-
durance athletes was higher than that of team athletes but similar to that of strength 
athletes. Female endurance athletes reported higher mean intakes compared to both 
team and strength athletes. Most athletes, but not all, met the Dutch (general) EAR for 
carbohydrate (2.9 g/kg/bw) and protein (0.6 g/kg/bw). Overall, 80% of the athletes met 
the sport nutrition recommendation of 1.2 g of protein per kg/bw, but 50-80% did not 
meet the recommendation of  5.0 g or more carbohydrate per kg/bw as advised in cur-
rent sports guidelines. Overall, only small differences existed in mean energy and mac-
ronutrient intake between elite endurance, strength and team sports athletes. Fur-
thermore, the majority of the athletes was able to meet the generally accepted recom-
mendation for protein, but carbohydrate intake was low to moderate in most athletes, 
between 3-5 g/kg/bw. 
Chapter 3b describes the adequacy of micronutrient intake of the same population 
as described in chapter 3a, using the same methods. Both users and non-users of nutri-
tional supplements reported inadequate intakes of several micronutrients. In the major-
ity of both users and non-users, vitamin D intake was below AR if dietary supplements 
(DS) were not included in the analysis. Including DS improved vitamin D intake but still a 
substantial part of the athletes, both men and women reported intakes below the AR. 
Non-users of dietary supplements were particularly at risk for low intakes of vitamin B1, 
B2 and vitamin A. They also reported low intakes of vitamin B3, vitamin C and selenium. 
As the use of sport nutrition products (SNP) only marginally contributed to micronutri-
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ent intake, users of SNP were also at risk for low intakes of vitamin B1, B2 and vitamin A. 
Mean basal iron intake was reported below the AR in a substantial group of women, 
both users and non-users. The additional iron intake from DS in women mainly compen-
sated for low iron intakes.  For most micronutrients, use of nutritional supplements 
does not completely compensate for intakes below AR. Intakes above the UL were only 
reported by a few athletes.  
Chapter 4 focuses on dietary intake during exercise in competition. Male and female 
ultramarathon runners were included (n = 68, with age 46.5±7.1 y) reporting their rou-
tine dietary intake during three independent days using a web-based 24-hr recall and 
questionnaires. In both men and women, habitual mean carbohydrate (CHO) intake was 
lower than recommended, as was mean protein intake by women. CHO intake during 
the race was <60 g/h in 75% of the athletes. A large variation in nutrient and fluid intake 
was seen. GI distress during the race was reported in 82% of the runners; severe GI 
distress was low. In general, moderate, mostly negative, correlations with nutrient in-
take were seen for GI distress. 
Chapter 5 reports that two-thirds of the respondents, individuals from the general 
population, reported having used DS and SNP during the last twelve months. Women 
and older people reported the highest DS use. The highest use of SNP was reported by 
regularly exercising men and younger people, who mentioned improvement of sporting 
performance as their main objective. The most frequently reported DS were multivita-
mins and vitamin C and, for SNP, energy drinks and isotonic drinks. Health considera-
tions were the most important motivation. Remarkably, a substantial part of the more 
or less sedentary respondents also indicated to use SNP for improving sporting perfor-
mance. It can be questioned whether the use of SNP fits all respondents’ physical activi-
ty needs. The study confirms that both DS and SNP are widely used among the general 
population. 
Chapter 6 complements the research part of the thesis by describing the association 
between nutritional supplement use and those receiving dietary counselling or not. Of 
778 elite athletes, 97.2% had used nutritional supplements at some time during their 
sports career, whereas 84.7% indicated having used supplements during the last 4 
weeks. The top ranked supplements used over the last 4 weeks from dietary supple-
ments, sport nutrition products and ergogenic supplements were multivitamin and 
mineral preparations (42.9%), isotonic sports drinks (34.1%) and caffeine (13.0%). After 
adjustment for elite status, age, and weekly exercise duration, dietary counselling was 
found to be associated with a higher prevalence of the use of vitamin D, recovery 
drinks, energy bars, isotonic drinks with protein, dextrose, beta-alanine, and sodium 
bicarbonate. In contrast, dietary counselling was inversely associated with the use of 
the combination of 2-3 vitamins, calcium, vitamin E, vitamin B2, retinol, energy drinks, 
and of BCAAs (branched-chain amino acids) and other amino acids. Receiving dietary 
counselling seemed to result in better informed choices with respect to the use of nutri-
tional supplements related to performance, recovery, and health. 
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Finally chapter 7 discusses the results found and provides suggestions for further re-
search and possible practical implications. A general conclusion is that protein intake 
was found to be sufficient in most athletes, but the average intake of carbohydrates 
was at the lower end of the available sport nutrition recommendations. At this stage the 
prevailing opinion among sports nutritionists is that moderate-high carbohydrate intake 
levels are to be preferred over “low-carb” for athletes, at least in competition and dur-
ing periods of intensive training. However, this viewpoint is also subject to debate and 
some scientists call for lower or more varying carbohydrate intake strategies. 
This also underlines the need to come to more individualized programmes for each 
athlete with new guidelines replacing generic recommendations. Based on the variation 
within subjects (CVW) found in our study the question can be raised as to whether ath-
letes differentiate their dietary intake based on the specific needs for energy and mac-
ronutrients that fit with their mixed training programs and/ or multiple training sessions 
each day.  
Micronutrient intake in the basal diet was found to be low for half of the vitamins 
and this is mostly, but not completely compensated by the use of DS. Given these find-
ings, the question arises as to what extent this affects general health and performance 
of these athletes. Based on low micronutrient intake, particular seen in non-users of DS, 
the development of deficiencies over time might be possible.  
It should be acknowledged that all self-reporting methods are prone to misreport-
ing. However, in our population the degree of underreporting with our method  is likely 
to be of the same magnitude  as that of methods based on food records. 
In conclusion, protein intake levels of well-trained Dutch competitive athletes ap-
pear to be in line with existing sports nutrition recommendations. Fore carbohydrates, 
current intake levels appeared to be lower than those described in existing recommen-
dations.. Future research should reveal whether this practice is sub-optimal in terms of 
performance and recovery, or whether guidelines might need to be adapted to the 
practical situation. Intake via regular dietary intake of most micronutrients was found to 
be sub-optimal when compared with the estimated average requirements. The use of 
dietary supplements improved the quality of dietary intake, but not all athletes con-
sumed these products. Including sport nutrition products in the analysis did not add 
much to total micronutrient intake. Therefore, athletes should make good informed 
choices in selecting foods with a high nutrient density. The daily use of a low dosed 
multivitamin (50-100% RDA) and regular  consultation of a sports dietician or a nutri-
tionist are advised for all elite and sub-elite athletes. 
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De voedingsinname van wedstrijd atleten verschilt aanzienlijk van die van de gemiddel-
de bevolking. Atleten zijn lichamelijk zeer actief  en hun dagindeling wordt bepaald  
door  trainingsprogramma’s en wedstrijden. Om optimale prestaties te kunnen leveren 
en goed te kunnen herstellen zijn  een adequate energie- en voedingsinname van groot 
belang. Een goede basisvoeding, al dan niet aangevuld met sportvoedingsproducten en 
supplementen moet daarnaast ook de kans op gezondheidsproblemen verkleinen. In de 
praktijk blijkt dat  een aanzienlijk  aantal atleten er moeite mee heeft om te voldoen aan 
de algemene voedingsaanbevelingen en/ of hun persoonlijke doelstellingen op dit ge-
bied. 
De huidige manier van het afnemen van een voedingsanamnese bij atleten biedt 
vaak nog veel ruimte voor verbetering. Bij voorkeur zou  er gebruik moeten worden 
gemaakt van de vijf-staps 24 uur recall methode. Deze methode is goed gestandaardi-
seerd en levert  doorgaans een betrouwbare schatting van de voedingsinname op. In de 
sport wordt echter vooral vaak gebruik gemaakt van meerdaagse voedingsdagboeken. 
Door het gebruik van opschrijfmethode gedurende de dag wordt de voedingsinname 
beïnvloedt omdat sporters bewust of onbewust hun gedrag tijdens de registratie veran-
deren. Een directe opschrijfmethode geeft daardoor mogelijk een minder precies beeld 
van de werkelijke inname. Alhoewel er al jaren voor wordt gepleit  om de gemiddelde 
behoefte (GB) als uitgangsmaat te nemen voor het evalueren van  de voedingsinname 
van groepen atleten, wordt in de praktijk nog bijna altijd de aanbevolen dagelijkse hoe-
veelheid (ADH) gebruikt om de voedingsinname mee te vergelijken.  
In vergelijking met Amerika en Australië bestaat  er maar een klein aantal  publica-
ties waarin  de voedingsinname van sporters uit Europese landen wordt beschreven. 
Wereldwijd lijkt het gebruik van voedingssupplementen en sportvoedingsproducten 
onder atleten  de afgelopen jaren te zijn toegenomen,maar Nederlandse gegevens 
hierover ontbreken. Daardoor en vanwege het ontbreken van gegevens over de basis-
voeding bestaat er op dit moment  maar een beperkt inzicht in de kwaliteit van de voe-
dingsinname van Nederlandse wedstrijdsporters. Door het beschikbaar komen van 
voedingsregistratieprogramma’s die werken via het Internet is het echter makkelijker en 
goedkoper geworden om de voedingsinname van grote groepen sporters te bepalen. 
De belangrijkste doelstelling van dit proefschrift was om een beter inzicht te verkrij-
gen in de voedingsinname van Nederlandse topsporters en deze te vergelijken met de 
huidige richtlijnen en inzichten. Het onderzoek richtte zich op de inname van macro- en 
micronutriënten, en het gebruik van voedingssupplementen en sportvoedingspro-
ducten. In de  Dutch Sport Nutrition and Supplement Study (DSSS) is  de voedingsinname 
van een grote groep wedstrijdsporters onderzocht. Deze sporters waren geselecteerd 
op basis van hun olympische status, en/of omdat ze tot de beste sporters in hun leef-
tijdscategorie behoorden, en/of tot de nationale- of internationale top. De deelnemers 
aan het onderzoek  trainden meer dan 9 uur per week en vaak meerdere keren per dag.  
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Een sterk punt van het  onderzoek is dat de gebruikte methode voor het bepalen 
van de inname gedurende de looptijd werd gevalideerd door middel van een meervou-
dige 24-uurs metingen van de stikstofuitscheiding bij een aantal deelnemers in de urine.        
Daarnaast is de inname bepaald in een relatief korte tijd, een periode van 3 jaar, en 
in  een grote en zeer diverse groep sporters. Sinds 2000 is maar een beperkt aantal 
studies van vergelijkbare omvang gepubliceerd. Dit grote aantal deelnemers geldt zowel 
voor de studie naar voedingsinname, beschreven in hoofdstuk 3a en 3b op basis van 
553 sporters, de studie op basis van de cross-sectionele vragenlijst in een representa-
tieve steekproef van de Nederlandse bevolking (n=1544 mannen en vrouwen in de 
leeftijd van 15-80 jaar), en de studie met de algemene supplementen vragenlijst (n=778 
mannen en vrouwen, waarvan 51% met een NOC*NSF status).  
 Hoofdstuk 2 beschrijft een validatiestudie van de meervoudig afgenomen 24-uur 
recall via internet voor de eiwitinname. Deze werd uitgevoerd met een representatieve 
groep van 47 deelnemers die deelnamen aan de DSSS. De geschatte gemiddelde eiwi-
tinname op basis van de 24-uurs recalls en vragenlijsten was 110±33.0 g/d, in vergelij-
king met 141±38.2 g/d gebaseerd op stikstof uitscheiding met urine. Dit betekent dat de 
recallmethode de eiwitinname onderschatte  met 25.5±21.3% (P<0.05). Dit is vergelijk-
baar met resultaten zoals eerder gevonden in andere (niet sportende-) doelgroepen. 
Wanneer gekeken werd naar de inname van individuele sporters werd er een redelijke 
correlatie gevonden (van r=0.65,  95% CI: 0.45-0.79). Op individueel niveau was de mate 
van onderrapportage vergelijkbaar, behalve voor sporters met een bijzonder hoge ei-
witrapportage die in iets hogere mate leken te onderrapporteren. Ondanks deze onder-
rapportage is de methode geschikt voor het rangschikken van de eiwitinname van spor-
ters zoals nodig in epidemiologische studies.  
Hoofdstuk 3a beschrijft de energie- en macronutriënt inname van 553 Nederlandse 
wedstrijdsporters (mannen van gemiddeld 20,5±4,5 jaar en vrouwen van 20,7±5,4 jaar) 
op basis van 24-uurs recalls en vragenlijsten. De mannelijke atleten  rapporteerden een 
dagelijkse energie inname van 2566-2985 kcal en de vrouwelijke atleten van 1997-2457 
kcal, op basis van gemiddeld 2,83 gerapporteerde dagen per persoon. Voor mannen 
was de gemiddelde inname van energie en macronutriënten hoger bij  duursporters en 
krachtsporters dan bij teamsporters. Vrouwelijke duursporters rapporteerden een ho-
gere inname van energie en macronutriënten dan kracht- en teamsporters. De meeste 
sporters rapporteerden een koolhydraat- en eiwitinname boven de gemiddelde behoef-
te die geldt voor de algemene bevolking (2,9 g koolhydraten per kg lichaamsgewicht en 
0,6 g eiwit per kg lichaamsgewicht). Tachtig procent van de sporters realiseerde de 
meest gangbare sportvoedingsaanbeveling van 1,2 g eiwit/kg lichaamsgewicht, maar de 
koolhydraatinname van 3-5 g/kg was aan de lage kant van aanbevelingsrange van 3-12 
gram per kilogram lichaamsgewicht. Van alle sporters haalde 50-80%, afhankelijk per 
sportdiscipline, de sportvoedingsaanbeveling van 5,0 g/kg of meer koolhydraten niet. 
De absolute verschillen in energie- en macronutriënten inname waren klein tussen 
sportdisciplines.  
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Hoofdstuk 3b beschrijft de micronutriënt inname van de 553 sporters die ook wer-
den beschreven in hoofdstuk 3a. Zowel gebruikers als niet-gebruikers van voedingssup-
plementen en sportvoedingsproducten rapporteerden vaak lagere gemiddelde innames 
van micronutriënten dan wordt aanbevolen. Wanneer supplementen niet werden mee-
geteld in de berekening had het grootste deel van de sporters een vitamine D inname 
onder de gemiddelde behoefte. Wanneer het gebruik van voedingssupplementen wel 
werd meegenomen in de analyse verbeterde de vitamine D inname bij  het grootste 
deel van de gebruikers van voedingssupplementen. Niet-gebruikers van voedingssup-
plementen en sportvoedingsproducten hadden ook een grote kans  op een lage inname 
van vitamine B1, B2, B3, vitamine C en vitamine A. Sporters die geen voedingssupple-
menten gebruikten, maar wel gebruik maakten van sportvoedingsproducten rappor-
teerden een iets hogere inname van vitamine C en vitamine B3 dan niet-gebruikers. De 
gemiddelde ijzerinname voor vrouwen bleek een aandachtspunt te zijn, zowel voor 
gebruiksters als niet gebruiksters van voedingssupplementen en sportvoedingspro-
ducten. Suppletie compenseerde  voor een lage micronutriënt inname met de basis-
voeding, maar compenseerde meestal niet volledig lage innames op groepsniveau. 
Slechts bij een kleine groep sporters werden  innames van vitamine B3, B6 en vitamine 
A (retinol) boven de aanvaardbare bovengrens gevonden. 
Hoofdstuk 4 gaat vooral in op de voedingsinname van hardlopers tijdens inspanning. 
In deze studie werden 68 ultraduurlopers, zowel mannen (n=55) als vrouwen (n=13), 
geïncludeerd. De lopers hadden een gemiddelde leeftijd van 46,5±7,1 jaar. Vooraf rap-
porteerden de lopers hun basisvoedingsinname op basis van 24-uurs recalls en vragen-
lijsten. De gemiddelde dagelijkse koolhydraatinname was lager dan aanbevolen (<5,0 
g/kg), en voor vrouwen was de eiwitinname ook lager dan aanbevolen (<1,2 g/kg). Tij-
dens de race rapporteerde 75% van de lopers een inname lager dan 60 gram koolhydra-
ten per uur. Er was een grote variatie in voedings- en vochtinname tussen personen. 
Tijdens de race had 82% van de lopers last van maagdarmklachten. Deze klachten wa-
ren meestal negatief  gecorreleerd (r:-0,3 tot -0.4, p<0.05) met voedingsinname (dit 
gold voor energie inname en koolhydraat-, vezel- en vochtinname). Een hogere voe-
dingsinname was doorgaans geassocieerd met minder klachten. 
Hoofdstuk 5 beschrijft een onderzoek naar de inname van voedingssupplementen en 
sportvoedingsproducten bij een representatieve steekproef van de Nederlandse bevol-
king bestaande uit 51% mannen en 49% vrouwen. Tweederde van de deelnemers rap-
porteerden het gebruik van één of meer productgroepen in de laatste twaalf maanden. 
Vrouwen en ouderen rapporteerden meer dan gemiddeld  het gebruik van voedings-
supplementen. Mannen die frequent sporten en jongeren die prestatieverbetering als 
een belangrijke motivatie zien voor gebruik van deze producten rapporteren het vaakst 
gebruik van sportvoedingsproducten. Vitamine C, energiedrankjes en isotone sport-
drankjes werden het vaakst gerapporteerd. De belangrijkste motivatie voor gebruik van 
dergelijke producten was het verbeteren van de gezondheid. Een substantieel deel van 
de mensen die niet (15%) of zeer onregelmatig (33%) aan sport deden rapporteerde wel 
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het gebruik van sportvoedingsproducten, met als meest genoemd doel het verbeteren 
van de sportprestatie. Het is de vraag in hoeverre dergelijke producten passen binnen 
het energiebudget en de persoonlijke gezondheids- en prestatiedoelstellingen van deze 
doelgroep. De studie bevestigt het idee dat voedingssupplementen en sportvoedings-
producten veel worden gebruikt door de algemene bevolking. Toekomstig onderzoek 
dient onderscheid te maken tussen het gebruik van voedingssupplementen en sport-
voedingsproducten omdat beiden op verschillende manieren bijdragen aan de voe-
dingsinname van gebruikers.    
Hoofdstuk 6 beschrijft het verschil in gebruik van voedingssupplementen en sport-
voedingsproducten tussen sporters die wel of geen voedingsbegeleiding hebben ont-
vangen. Van de 778 sporters die in de studie werden geïncludeerd rapporteerden 97,2% 
dat zij in hun carrière een of meer van deze producten hadden gebruikt. Over de laatste 
4 weken rapporteerden 84,7% het gebruik van voedingssupplementen en/of sportvoe-
dingsproducten. De belangrijkste producten die in de laatste 4 weken per categorie 
werden gerapporteerd waren multivitamine en mineralen supplementen (42,9%), iso-
tone sportdranken (34,1%) en cafeïne (13,0%). Na correctie voor NOC*NSF status, leef-
tijd en minuten inspanning per week bleek dat voedingsbegeleiding werd geassocieerd 
met een hogere rapportage van het gebruik van vitamine D , hersteldranken (koolhydra-
ten-eiwit), energierepen, isotone dranken met eiwit, dextrose, Beta-alanine en natrium 
bicarbonaat. Sporters die voedingsbegeleiding ontvingen rapporteerden minder gebruik 
van combinatievitamines, calcium, vitamine E, vitamine B2, retinol, energiedranken en 
vertakte keten aminozuren (BCAA’s) en andere aminozuren. Op basis van deze gege-
vens lijkt het er op dat sporters die voedingsbegeleiding genieten frequenter supple-
menten rapporteren die een bijdrage kunnen leveren aan prestatie, herstel en gezond-
heid dan sporters die geen voedingsbegeleiding ontvangen. 
Tot slot worden in hoofdstuk 7 de gevonden resultaten bediscussieerd. Een belang-
rijke eindconclusie is dat de eiwit inname van de meeste sporters voldoet aan de meest 
gangbare  norm in de sport (1,2 gram/kg), maar dat de koolhydraatinname aan de lage 
kant is ten opzichte van de huidige aanbevelingen voor sporters. De basisvoeding van 
sporters, zonder supplementen, is voor ongeveer de helft van de bekeken vitamines 
lager dan aanbevolen in een deel van de sporters. In deze gevallen scoort meestal zo’n 
10-40% van de sporters een vitamine inname onder de gemiddelde behoefte die werd 
gehanteerd als norm. Het gebruik van voedingssupplementen compenseert deze lage 
innames voor een deel, maar niet altijd volledig. Als gevolg van deze lage micronutriënt 
inname bij een deel van de sporters zouden op langere termijn tekorten in het hele 
lichaam kunnen optreden. Momenteel is er weinig bewijs dat een dieet met veel  kool-
hydraten leidt tot een beter  effect wat betreft trainingsadaptatie en prestatie dan een 
dieet met een gemiddelde hoeveelheid koolhydraten. Daarom is het van belang dat 
adviezen voor koolhydraten op het individu worden afgestemd op basis van de meest 
recente richtlijnen. Op basis van de binnen persoonsvariatie in de voedingsinname van 
de sporters in de huidige studie kan de vraag worden gesteld in hoeverre sporters op dit 
Nederlandse samenvatting en praktijkadviezen 
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moment al variatie aanbrengen in hun koolhydraatinname op basis van hun persoonlijk 
dagverbruik aan energie en trainingsbelasting en –intensiteit. Alhoewel er reden is om 
aan te nemen dat de resultaten onderhevig zijn aan onderrapportage lijkt de mate van 
onderrapportage, qua orde van grootte vergelijkbaar met andere groepen en metho-
den.    
Toekomstig onderzoek zal moeten uitwijzen in hoeverre de huidige koolhydraatin-
name suboptimaal is in relatie tot prestatie en herstel, of dat richtlijnen zouden moeten 
worden aangepast aan de huidige praktijk. De basisvoeding leverde vaak minder micro-
nutriënten dan aanbevolen. De inname van voedingssupplementen verbeterde de kwa-
liteit van de voedingsinname, maar niet alle atleten gebruiken deze producten. Sport-
voedingsproducten droegen maar weinig bij aan de micronutriëntinname. Sporters 
zouden meer aandacht moeten hebben voor de samenstelling van hun basisvoeding. 
Vooral producten met een hoge nutriëntdichtheid kunnen bijdragen aan het realiseren 
van een inname in overeenstemming met de aanbevelingen. Indien sporters moeite 
hebben om met hun basisvoeding een micronutriëntinname te realiseren die voldoet 
aan de aanbevelingen worden zij geadviseerd om dagelijks een laaggedoseerde multivi-
tamine te gebruiken (50-100% van de ADH) en een sportdiëtist of sportvoedingskundige 
te consulteren.   
Praktijkadviezen 
Dit proefschrift gaat in op de voedingsinname van wedstrijdsporters die presteren op 
hoog niveau. Het onderzoek heeft geleid tot meer inzicht in de huidige stand van zaken 
in Nederland. De inname van koolhydraten en een klein aantal micronutriënten (zoals 
vitamine D, vitamine A, vitamine B1 en B2 en ijzer) is voor een deel van de populatie 
lager dan de gemiddelde behoefte. Tegelijkertijd toont de studie aan dat 60-98% van de 
sporters, afhankelijk van de gebruikte vraagstelling, gebruik maakt van voedingssup-
plementen en sportvoedingsproducten. Op basis van het onderzoek naar nutriëntinna-
me kan worden geconcludeerd dat sporters vaak niet dagelijks deze producten gebrui-
ken, waardoor het aandeel van deze producten aan de gemiddelde inname relatief 
beperkt is. Alhoewel het lastig is om op basis van groepsresultaat individuele uitspraken 
te doen, kunnen er aan de hand van de resultaten van dit onderzoek een aantal prak-
tijkadviezen worden opgesteld.  
 
1) De gemiddelde koolhydraatinname van de sporters in dit onderzoek lag tussen de 3-
5 g/kg. Het huidige advies op basis van de beschikbare literatuur is om de koolhy-
draatinname af te stemmen op de individuele behoefte. Op basis van meerdere re-
gistraties per sporters hebben we kunnen vaststellen dat er maar een beperkte vari-
atie bestaat voor de koolhydraatinname tussen dagen. Dit impliceert dat er extra 
nadruk zou moeten worden gelegd op het advies om, in het geval van meerdere 
trainingssessies per dag of op dagen waarop zeer intensief wordt ingespannen, naar 
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een hogere koolhydraatinname te streven van tussen de 5 en12 g/kg lichaamsge-
wicht per dag. 
2) Een deel van de gebruikers en niet-gebruikers van voedingssupplementen rappor-
teerde een lage micronutriëntinname van één of meer vitamines. Vooral bij de spor-
ters die geen voedingssupplementen gebruikten is er geen sprake van compensatie 
door gebruik van een multivitamine en levert de basisvoeding in een aantal opzich-
ten onvoldoende voedingsstoffen. Aangezien sportvoedingsproducten zoals dorst-
lessers en hersteldranken nauwelijks bijdragen aan de micronutriëntinname geldt 
voor alle sporters het advies om een laaggedoseerd multivitamine supplement te 
gebruiken (50-100% van de ADH). Daarnaast dienen sporters  aandacht te blijven 
besteden aan  hun basis(sport)voedingsinname. 
3) Tussen sporters bestaat er een grote variatie in koolhydraat en vochtinname tijdens 
inspanning. Dit is onder andere afhankelijk van persoonlijke doelstellingen, de erva-
ren meerwaarde van gebruik, de gevoeligheid voor maagdarmproblemen en omge-
vingsfactoren zoals temperatuur en luchtvochtigheid. Sporters dienen de noodzaak 
van voeding- en vochtinname te evalueren per type training en wedstrijd, en hier 
concrete geïndividualiseerde adviezen aan te koppelen. Het oefenen in het uitvoe-
ren en realiseren van deze adviezen tijdens trainingen kan bijdragen aan de verdere 
optimalisering en realiseerbaarheid van de adviezen.  
4) Sporters rapporteren het gebruik van een grote variëteit aan ergogene voedings-
supplementen. Voor veel van deze producten ontbreekt de wetenschappelijke on-
derbouwing geheel. Aangezien prestatieverbetering het doel is van het gebruik van 
ergogene suppletie is het advies om de focus te leggen op de producten waar wel 
wetenschappelijke consensus over bestaat. Dit geldt momenteel voor cafeïne, crea-
tine, Beta-alanine, natriumbicarbonaat en nitraat (of nitraatrijke producten zoals 
bietensap). Na selectie van een supplement dient het gebruik zo goed mogelijk te 
worden afgestemd op het individu. Ook dient introductie  een testfase te omvatten  
waarin intensief contact plaatsvindt tussen sporter en adviseur waarbij het advies 
verder wordt afgestemd op het individu. 
5) De conclusies van dit proefschrift zijn relevant voor iedere professional werkzaam in 
de sport die bijdraagt aan het optimaliseren van sportprestaties. Voedingsinname is 
onlosmakelijk verbonden met kwaliteit van leven, presteren en herstel. Stafleden 
hebben een belangrijke functie om ongewenst of ongezond gedrag te signaleren. 
Daarnaast kunnen zij sporters van (aanvullend) advies voorzien en hen helpen de 
juiste keuzes te maken. Hiervoor  is onderling overleg binnen het begeleidingsteam 
van een sporter over het soort advies, het gewenste gedrag en bijhorende doelstel-
lingen essentieel. 
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